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FACTORS CONCERNED THE POLYCYTHEMIA PRO- 
DUCED THE SUBCUTANEOUS INJECTION 
EPINEPHRINE. 


CHARLES EDMUNDS, M.D., ERWIN NELSON, 


(From the Department Materia Medica and Therapeutics, University Michigan 
Medical School, Ann Arbor.) 


(Received for publication, August 1924.) 
INTRODUCTION. 


Epinephrine polycythemia has recently been studied Scott (1), Erlanger 
and Gasser (2), Lamson (3), and Edmunds and Stone (4). These authors are 
agreement broad way that they all view the phenomenon as, part 
least, due loss plasma from the blood, resulting concentration the 
formed elements. Sanguinetti (5) and Bostrom (6), the other hand, believe 
that the concentration apparent one, occurring the capillary blood only. 

Scott followed the changes appearing from minutes after intravenous 
injection. According him the increase hemoglobin entirely due loss 
fluid filtration. The experiments Erlanger and Gasser were related 
the production shock and for that reason have little bearing the subject 
hand. Lamson gave large doses epinephrine intravenously (0.9 mg. per 
kilo). interprets the polycythemia entirely one concentration, occurring 
the liver. His views have been criticized the recent paper Edmunds and 
Stone (4). Recently Chanutin, Smith, and Mendel (8) have shown that the water 
content the liver does not bear out the idea that this organ serves reservoir 
for excess fluid under such experimental conditions. Lamson one time con- 
sidered the possibility addition red cells the circulation but apparently 
does not now hold this view. 

Edmunds and Stone expressed the belief that the effect epinephrine was 
exerted upon the bone marrow. The present study represents attempt 
evaluation the part that concentration loss plasma plays the poly- 
cythemia. preliminary report has been given recently (9). The views there 
expressed are somewhat modified this paper. 

Plasma volumes under the influence epinephrine were first followed Lam- 
son and Keith (10), who reported that was possible obtain decreases plasma 
volume and increase hematocrit reading without change cell count. 
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The Plasma Volume Changes. 


volume and red cell counts were made 
anesthetized dogs using chloretone warm cottonseed oil, injected 
are aware that has been demonstrated 


Increase 


3p.m. 4p.m. 


Dog. Morphine and chloretone anesthesia. All blood drawn 
from the jugular veins. The two curves for the red cells are made from counts 
made duplicate two independent observers. The experiment shows the 
general agreement between the increase volume, increase hemoglobin, and 
increase number red cells produced epinephrine. also shows that this 
change occurs the venous blood well the capillaries. 


that the induction anesthesia itself brings about increase 
the red cells, but the blood soon comes have constant concen- 
tration except disturbed other experimental procedures, that 
have not felt that the change the first few minutes has disturbed 
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the later course the experiments. Observations the blood 
count were made intervals from minutes. Previous 
experience had shown that the count reached its maximum about 
minutes after injection the epinephrine, that about this time 
interval was allowed between the first and second plasma volume 
determinations. 

The blood for the red cell count was drawn from the capillaries 
the nose. Earlier experiments Edmunds and Stone had in- 
dicated that the changes splenic vein blood and blood drawn 
from the capillaries the nose were parallel, that was felt that 
the capillary blood gave fair index the changes occurring through- 
out the circulation. view the results Bostrom (6) who stated 
that the changes occurred the capillaries, some experiments were 
carried out which the counts were made jugular blood instead 
blood from the capillaries. The results such experiment 
are shown Fig. 


The red cell counts this experiment were made two independent obser- 
vers, each making two counts each dilution. The counts, hemoglobin, and he- 
matocrit determinations were all made the same sample blood, drawn from 
the jugular vein into well glass syringe. The first blood drawn before 
epinephrine was injected was used standard for the hemoglobin determina- 
tions, calling 100 per cent. cc. this blood was diluted 250 cc. volu- 
metric flask, with 0.25 per cent HCl. After standing for minutes was read 
against similar dilution the successive samples drawn 
during the experiment. 


This experiment clearly shows that there very definite change 
the concentration jugular blood. The parallelism the curves 
quite striking. The contention Bostrom that the changes are 
chiefly capillary, not upheld this experiment. Unfortunately 
capillary blood counts were not made this case, but since have 
never failed observe polycythemia the capillary blood from 
this dose over fifteen experiments, feel certain that one existed 
here. 

Plasma volumes were determined the dye method Whipple 
modified for successive determinations Smith (12). The 
inadequacy such methods has recently been emphasized Lam- 
son and Rosenthal (13). spite the justice their criticisms 
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was felt that the method might throw some light the circulatory 
changes occurring under the conditions experiment, even though 
not giving actual measure the volume the plasma. The 
data given add point Lamson’s criticisms the method. 

Epinephrine solution (both Armour’s suprarenalin and Parke, 
Davis and Company’s adrenalin) was injected subcutaneously 
doses cc. per kilo. 


abbreviated protocol one experiment given indicate 
the details the method. 


Jan. 24, 1924. Dog, weight pounds. 

11.45a.m. Morphine sulfate mg. 

Chloretone 4.5 gm., oil, intraperitoneally; both jugular and both 
femoral veins exposed. 

1.45 p.m. Red blood cells, nose capillaries, 6,110,000. 

1.52 p.m. Drew cc. blood, right jugular, red cells 6,670,000. cc. 
blood centrifuged (Tube 1); injected 4.26 cc. brilliant vital red per cent solution 
into right femoral. 

1.56 p.m. Drew blood, left jugular; centrifuged cc. (Tube 2). 

2.05 p.m. Injected cc. epinephrine solution subcutaneously; Tubes and 
centrifuged for minutes 3,000 

Capillary blood, nose, red blood cells 6,780,000. 

3.20 p.m. Drew cc., right jugular, red blood cells 7,040,000; put cc. 
centrifuge Tube injected 4.26 cc. dye above. 

3.24 p.m. Drew blood, right jugular; cc. Tube 

3.27 p.m. Red blood cells, nose capillaries, 8,000,000; Tubes and centri- 
fuged for minutes 3,000 R.P.M. 

The results centrifugation follow: 


Tube. Red blood cells. Plasma. Red blood corpuscles. 


cc. per cent 


5.3 6.4 
6.5 6.7 
6.3 6.0 51.2 


The amount dye the supernatant plasma was estimated, following 
detail the method outlined Smith. From these determinations was estimated 
that the plasma 1.56 p.m. was 1,133 cc., and 3.24 p.m. was 1,039 cc. 


The results nine such experiments are given Table They 
may summarized follows: When plasma volume, hematocrit, 
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and red cell determinations are carried out simultaneously has 
been found that the percentage decrease plasma volume de- 


termination generally less than that calculated from the increase 
TABLE 
Re- 
Capillary blood lar blood 
tocrit. 
crease. 
fer ce. per cent | per cent 
7,850,000 874 
7,780,000 61.3 709 
8,780,000 792 
6,675,000 189 
7,730,000 54.7 
5,550,000 
8,000,000 7,040,000 50.2 1,039 
7,770,000 7,100,000 647 
7,340,000 6,840,000 47.7 


*The red counts No. were all made jugular blood, two independent 


observers. The hemoglobin this experiment also increased per cent. 


other words, taking the capillary blood index, there must 
some other process occurring besides that concentration loss 
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plasma. When, however, the percentage loss plasma com- 
pared with that calculated from the hematocrit readings from jugular 
blood, seen that the loss plasma quite adequate account 
for the increase number red cells purely the basis concen- 
tration. Since there way, far know, evaluating the 
proportion blood the capillaries compared with that the 
larger vessels, not possible say what part the phenomenon 
epinephrine polycythemia the result concentration, and what 
part due the action other factors such stimulation the 
bone marrow. becomes clear, therefore, that this method 
attack cannot solve our problem. 

There are certain other points the results these experiments 
which wish call attention. The experiments above part 
bear out the view Bostrom that the polycythemia more ap- 
parent than real. Experiments and there greater in- 
crease capillary than jugular blood. But there the same 
time real increase the jugular count, which checked the 
hematocrit readings (all except No. 9). Only one experiment 
did there fail appear increase the hematocrit reading, and 
this experiment (No. there was increase the jugular count. 

subcutaneous injection epinephrine doses 
mg. per kilo dogs followed increase number red 
cells both jugular and capillary blood. The increase therefore 
real and not merely one redistribution. increase hemoglobin 
and volume red cells the jugular blood runs parallel the in- 
crease the number cells. There associated with the red cell 
increase loss plasma from the vessels indicated the dye 
method. not possible say what part the red cell increase 
due actual loss plasma, what due increased accumulation 
red cells the peripheral capillaries, and what due other factors. 
This method experimentation cannot, therefore, used de- 
termine whether not there are red cells added the circulation 
under the influence epinephrine. cannot said that the data 
here reported offer any evidence either for against the belief that 


least part the epinephrine polycythemia due stimulation 
the bone marrow. 
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Histological Changes Produced Epinephrine. 


The possible stimulation the blood-forming organs suggested 
above has been thought not similar that pilocarpine 
the salivary glands, which there increased formation secre- 
tion, but rather analogous that picuitary extract the 
mammary gland, which forces out secretion already present. 
other words under the influence epinephrine there discharge 
those cells which are ready for entry into the general circulation. 

The mode response the bone marrow such action 
not altogether clear. 


The recent work Drinker, Drinker, and Lund (14) indicates that normally 
the delivery red cells the general circulation occurs because growth pres- 
sure groups blood cells. This pictured constant process, being stimu- 
lated only those conditions which also stimulate growth the red blood cell- 
forming tissue. The capillary walls are held intact, closed system, though 
animals whose bone marrow had been rendered hyperplastic repeated 
hemorrhage, was not always possible detect endothelial walls between the 
growing red cell-forming tissue and the capillary spaces. These authors have also 
shown that there very efficient vasomotor mechanism the marrow vessels, 
which responds both nerve stimulation and epinephrine. Whether the capil- 
laries played part the mechanism was not determined. has been shown 
number workers that contractile elements are present the smallest vessels 
other parts the body, and that these elements respond drugs (15). 
altogether conceivable that similar apparatus present the bone marrow 
capillaries, though the careful studies Drinker and his coworkers mentioned 
above did not reveal them. 


Whatever the mechanism which sudden discharge red cells 
from the marrow could brought about, clear that the 
discharge should brought into evidence increase the 
number red cells the effluent blood, and the general circula- 
tion well, the stimulation were sufficiently widespread, and also 
increase young forms the peripheral blood. Evidence 
here presented that there actually increase young forms as. 
the result the injection epinephrine. 


Lamson (16) studying the polycythemia produced epinephrine, advanced 
the view that new cells had been added shown the decrease size and 
hemoglobin content, but did not find any increase nucleated red cells 
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other direct evidence the presence young Drinker and Drinker found 
that when the marrow the tibia was perfused with oxygenated physiological 
salt solution, the addition epinephrine the perfusion fluid resulted 
decrease the number nucleated red corpuscles the effluent. 


these experiments the following determinations were made blood drawn 
from the capillaries the nose: red cell count, reticulated cells, white cells, and 
nucleated red cells. After the normals were taken, the animals were given epine- 
phrine doses mg. per kilo, injected subcutaneously. Successive counts 
were then made minute intervals. Smears were made the same 
time, stained with Wright’s stain, and used for the differentials. The retic- 
ulocytes were stained with brilliant cresyl blue after the method recently de- 
scribed Krumbhaar number condensed protocols are given. 
increase nucleated red cells has been seen, that figures for these cells are 
omitted. All counts have been converted number cells per c.mm. 

May 23, 1923. Dog A4, weight pounds. Chloretone 1.6 gm. intraperi- 
toneally. 

Red blood cells 7,420,000; reticulocytes 10,380. 

2.00 Adrenalin cc. subcutaneously. 

2.35 cells 8,250,000; reticulocytes 24,750. 

Apr. 30, weight pounds. Chloretone 1.25 gm. 

2.25 p.m. Red blood cells 6,180,000; reticulocytes 32,000. 

2.30 Adrenalin cc. subcutaneously. 

3.10 Red blood cells 7,340,000; reticulocytes 73,000. 

May Dog A2, weight pounds. Chloretone gm. 

2.30 p.m. Red blood cells 6,430,000; reticulocytes 19,200. 

2.40 Adrenalin cc. subcutaneously. 

3.10 Red blood cells 8,010,000; reticulocytes 42,450. 


obvious from these experiments that the number reticulo- 
cytes the capillary blood very definitely increased under the 
influence epinephrine. one accepts the usual point view that 
the reticulated red cells are young forms red cells, then this is, 
believe, clear evidence that there some demand placed upon the 
bone marrow the injection this 


are the impression that Lamson longer holds the view that cells 
are added the circulating blood under these experimental conditions. 

interest note passing that the subcutaneous injection physo- 
stigmine, which brings about polycythemia, also increases the number retic- 
ulocytes. 
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second interesting line evidence has been afforded the study 
smears made for differential counts the course some experi- 
ments similar these. The details the effect epinephrine upon 
the white cells were reported the paper Edmunds and Stone 
and need not considered this connection. The present interest 
these experiments lies the tabulation the polymorphonuclear 
leucocytes according the number lobes the nuclei. num- 
ber smears were submitted Dr. Carl Weller the Pathology 
Laboratory, without comment. The condensed protocol one 
such experiment follows, with Dr. Weller’s report appended. 


Oct. 24,1922. Dog, weight kilos. Morphine mg. 11.00 a.m. 
1.30 p.m Paraldehyde cc. stomach tube. 

2.00 Stomach, intestine, spleen removed; hepatic artery tied. 

Red blood cells 7,400,000; white corpuscles 19,650 (Smear 1). 
2.30 Epinephrine 6.5 mg. subcutaneously. 

3.00 Red blood cells 8,450,000;white corpuscles 25,000 (Smear 2). 


Report from Pathology Laboratory. 


Cells. Smear Smear 
per cent percent 

Letting transitionals and polynuclears 100 per cent...... 
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The view generally held that the cells with the larger number 
lobes are the older cells, since infections other conditions 
calling forth more polymorphonuclears, the percentage the cells 
with two and three lobes increases. this view correct, then 
the present experiment have additional evidence that the pro- 
portion young white cells the peripheral circulation has been 
increased the subcutaneous injection epinephrine. might 
noted passing that this case polycythemia produced 
while the arterial circulation the liver was occluded, phenomenon 
which other observers have denied. 

believe the epinephrine acting through the nervous 
mechanism bring about the discharge red cells from the bone 
marrow, then other methods stimulation might conceivably 
bring about similar results. has been shown Scott, Herrmann, 
and Snell (18) that continued stimulation the sciatics dog 
gave increase the red cell count. They attributed this, however, 
the increased activity the muscle. order eliminate this 
factor exercise, have carried out similar experiment, with 
the dog completely under the influence curare, that muscular 
contractions were evident. The condensed protocol follows. 


Oct. 30, 1923. Dog, weight kilos. 

2.30 oil, 1.5 gm. intraperitoneally; right sciatic cut and 
peripheral end put electrode; curare mg. intravenously; artificial res- 
piration. 

3.00 p.m. Red blood cells 6,860,000. 


3.02 Started stimulation sciatic. 
Red blood cells 6,980,000. 


Both right and left tibias were then removed and sent the Pathology Labora- 
tory. They were examined Dr. Warthin, who reported follows: “..... 
there any difference between these, that the unstimulated one shows more 
cells the myelocyte and lymphocyte type and also more megalokaryocytes 
than the stimulated one. There qualitative difference, only quantitative.” 


The polycythemia this case can scarcely looked upon 
concentration phenomenon, since the pressure was low from the 
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curare. was not due the curare, for curare has been shown not 
produce polycythemia. could not due exercise, since 
the muscles were not contracting. The conclusion seems inevitable 
that was due stimulation the bone marrow. patho- 
logical findings, while not conclusive, seem bear out this view. One 
would expect not qualitative but rather quantitative difference, 
was reported Professor Warthin. 

Summary.—The subcutaneous injection epinephrine doses 
mg. per kilo brings about polycythemia, increase reticu- 
locytes, and increase young forms polymorphonuclear leuco- 
cytes. The polycythemia doubt part concentration phenom- 
enon, but the presence these young cells increasing numbers 
believed evidence that there the same time discharge 
cells from the blood-forming organs, due the effect the drug 
upon them. similar effect obtained continued stimulation 
the peripheral ends the cut sciatic nerves the curarized animal. 
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SEROLOGICAL RELATIONSHIPS AMONG AND BETWEEN 
THE STREPTOCOCCI AND PNEUMOCOCCI. 


CHARLES HITCHCOCK, M.D. 


(From the Department Internal Medicine Washington University 
Medicine, St. Louis.) 


(Received for publication, August 1924.) 


During the course studies upon the precipitable substance the 
streptococci (1), was determined that the hemolytic streptococci, 
the non-hemolytic streptococci, and the pneumococci form serologi- 
cally distinct and non-related groups, far least concerns the 
precipitin reaction. Further, was found that the hemolytic strepto- 
cocci form practically homogeneous group, while the non-hemolytic 
strains are decidedly heterogeneous. The latter observations were 
confirmed the reaction complement fixation, using antigens 
the bacterial extracts containing the precipitable substance. 

view the many reports cross-relationships between the two 
families streptococci, evidenced agglutination, thread reaction, 
and complement fixation (2-6), became desirable further study 
the strains hand with view confirming previous statements, 
and, addition, determining whether the pneumococci might 
brought into orderly relationship with either the streptococcus 
families. Leaving out account the unconfirmed and improbable 
reports species transmutation, has not the present been 
possible find the literature any carefully demonstrated proof 
the latter possibility. evident, however, that the idea has sug- 
gested itself many, witness the scattered tentative proposals 
relationship between pneumococci and green streptococci, casually 
mentioned during the course discussions other subjects. 

For the medium this study, the reaction complement fixation 
was chosen. The employment new technique the preparation 
the bacterial antigens was obviously necessary, solutions con- 
taining the precipitable substance, practically free from protein, had 
been found devoid the property cross-fixation. The 
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unsatisfactoriness bacterial saline suspensions was evident upon 
analysis those studies which they had been employed. was 
determined, therefore, have recourse whole bacterial solutions 
antiformin, previously employed Kinsella (4) for similar studies. 


Methods. 


Table presents brief résumé the sources and properties the strains 
employed. every case the cultures were plated out least twice upon blood 
agar, and each time single colonies were picked for isolation. Bile solubility tests 
were made mixing 0.2 cc. sterile bile with 0.8 cc. hour plain broth 
culture, and incubating the water bath 37° for For testing the effect 
upon red cells, 0.5 cc. hour plain broth culture was mixed small tube 
with equal volume per cent suspension washed sheep erythrocytes 
saline, and the mixture was incubated the water bath 37° for hour. 

Bacterial antigens were prepared follows: The organisms contained 
hour per cent dextrose beef infusion broth were separated cen- 
trifugation, washed once with physiological saline, and again sedimented. They 
were then desiccated overnight vacuo over phosphoric anhydride. The dried 
material was finely ground small mortar, and weighed the nearest milligram. 
per cent antiformin was added, the proportion 0.5 cc. per mg. solid 
material, and the mixture, tightly stoppered, was heated the water bath 56° 
with occasional vigorous shaking until solution was complete. The water-clear 


liquid was neutralized with sulfuric acid, using litmus paper indicator, 


and the chlorine was liberated the addition per cent sodium thiosulfate, 
using drops per cc. solution. After centrifugation, saline containing 0.5 per 
cent phenol was added until the final volume was such that cc. corresponded 
mg. the desiccated organism. 

Rabbits were used for immunization. The antistreptococcic sera were those 
used the study the precipitin reaction, and their preparation has been described 
elsewhere Immunization pneumococci was effected follows: consec- 
utive days there were given intravenously cc. whole hour culture plain 
beef infusion broth, killed heating the water bath 56° for hour. After 
days rest followed, consecutive days, three further injections, each consisting 
the organisms recovered centrifugation from cc. plain broth culture, 
resuspended cc. the supernatant liquid, and killed before. Following 
further week’s rest, there were given three more consecutive doses, each con- 
sisting the organisms similarly prepared from 100 cc. plain broth culture. 
days following the last dose the animals were bled. most cases the sera 
were found rich complement-fixing and precipitating antibodies, though 
disappointing results were the rule with the fixed types. soon 
sible after the securing satisfactory serum, was tested against each the 
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TABLE 
Sources and Properties Strains Employed. 


Strain. Source. Bile. Red cells. Type. 
R80 Rabbit, spontaneous infection. Insoluble. 
Blood culture, bacterial endo- Methemoglobin. 
carditis. 
A49 |Blood culture, rheumatic fever. 
A 135 “ “ “ “ 
A179 Heart valve (necropsy), rheu- 
matic endocarditis 
Blood culture, bacterial endo- 
carditis. 
B4 “ “ 
carditis. 
carditis. 
Blood culture, bacterial endo- Methemoglobin. 
carditis. 
W72 Subcutaneous rheumatic 
nodule. 
New York State Board Soluble. 
Health. 
Source unknown. II, atypical. 
PS “ “ IV 
pneumonia. 
P12 Sputum chronic bronchitis. 
P13 Pus empyema. 
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Pneumococci. 


Type IV. 


Antigen. 


Non-hemolytic streptococci. 


TABLE 


Serum. 


coccl. 
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Non-hemolytic 
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thirty-three antigens and the results were noted. Usually the rabbit 
small injections prevent off immunity, and after weeks was 
bled again. The serum from this bleeding was tested against the same antigens, 
and the results were compared with those previously obtained. The same state- 
ment applies also the animals employed for the production antistreptococcus 
sera, each which was bled several times during the process immunization. 
Thus, some instances, immunity rose, many four comparative observa- 
tions were made the range fixation the sera. 

The complement fixation reactions were performed with the following quan- 
tities: 0.1 cc. bacterial solution was used antigen. The system was the usual 
rabbit anti-sheep combination, two units each fresh guinea pig complement and 
amboceptor being employed. Five descending dilutions immune serum were 
used; 0.1 cc., 0.5 cc., 0.25 etc. The antigen-serum-complement mixtures 
were diluted 1.5 cc. with saline, and were incubated the water bath 37° 
the end this time, sensitized cells prepared mixing equal parts 
washed per cent sheep cells saline and diluted amboceptor were added 
amounts cc. and the mixture was incubated the water bath 37° for 
minutes. the end this time the tubes were promptly removed the ice 
box, and were allowed remain there overnight before the final reading. 


The results are presented Table II. The great majority the 
sera gave entirely satisfactory fixation with their homologous antigens. 
The others are included for the sake completeness. 


DISCUSSION. 


few considerations become immediately apparent. The uniform- 
ity the hemolytic streptococci perceived, although course the 
number strains entirely too limited permit final conclusions 
upon this point. The matter has been discussed length else- 
where 7). 

concerns the non-hemolytic family, the statement Kinsella 
and Swift (8) the inverse ratio between fixability antigen and 
fixation range antiserum confirmed, and the individual strains 
have been tabulated accordance with this finding. has thus 
been found possible delimit roughly two great groups, one falling 
upon the right side the chart, and the other upon the left, with few 
connecting strains. again corresponds closely with the findings 
Kinsella and Swift. That this classification not absolutely sharp, 
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however, shown the properties strains and MB, their 
corresponding: antisera showing fixation with the great majority 
the organisms used, regardless position. 

Among themselves, the pneumococci show very sharp demarca- 
tions. Although, general, may remarked that the fixed types 
show little greater individuality, yet cross-reactions are frequent. 
the whole, may said that the Type members are practically 
uniform, and, far concerns their antigens, show closer rela- 
tionship the two strains Type than either the others. 
the other hand, while the Type III antigen fixed relatively 
few sera, the corresponding serum shows wide range which allies 
with the Type strains and with the right side the non-hemolytic 
streptococcus chart. 

The family interrelationships may stated few words. The 
sera the hemolytic strains show range fixation covering the 
entire non-hemolytic streptococcus and the pneumococcus families. 
Their antigens, however, are fixed only the non-hemolytic sera 
the left side, and one strain only (P3) pneumococci. They 
are therefore more closely related the left side the non-hemolytic 
family than all this they are imitated non-hemoly- 
tic strains which may therefore regarded very nearly 
allied them. 

Conversely, the entire pneumococcus family is, general, rather 
closely related members the non-hemolytic streptococci the 
right side. The one exception this Strain P3, which shows just. 
decided affiliation with the left side. This variation, however, 
does not affect the relationships within the family proper. 

Clearly these cross-reactions must depend upon the presence 
factor factors differing rather widely from the soluble precipit- 
able substance. Their nature present obscure. possible 
that the strength antiformin used sufficient decompose this. 
substance slightly, sufficiently give rise the production simpler 
substances wider reactive capacity. Or, perhaps more likely 
that the protein lipoid-protein fraction the bacteria, the deriva- 
tives this fraction produced the action the antiformin, are 
responsible for these reactions. This speculation calls mind the 
recently demonstrated fact that the protein the 
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shows species—but not type specificity (9). has been found that 
the bacterial solutions employed give only weak precipitin reactions, 
even with the most potent sera—a fact which perhaps favor 
the first assumption. But the present state our ignorance 
the entire mechanism this reaction, just conceivable that 
may inhibited through the presence the solutions substances 
which present are unable take account, rendering unneces- 

sary the assumption decomposition the precipitable substance. 
Experiments decide this point are present under way. 


SUMMARY AND CONCLUSIONS. 


Using the complement fixation reaction with whole bacterial solu- 
tions antigens, has been possible confirm the existence, within 
the non-hemolytic streptococcus family, two great groups. 

One these groups, that which may designated the left 
side, related orderly way the hemolytic streptococci; the 
other the right side, similarly related the entire pneumococ- 
cus family. 

addition, the hemolytic streptococcus family shows reactive 
range which relates it, though less closely, the non-hemolytic strepto- 
cocci the right side, and the pneumococci. 

The existence these cross-relationships not associated with the 
precipitable substance either family, but may tentatively pre- 
sumed dependent upon the properties the protein lipoid- 
protein fraction the bacterial cell. 
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The parasite described already well known since has 
figured largely the controversial literature experimental en- 
cephalitis rabbits. this Department has been under more 
less desultory observation since 1918 when was first seen Ten- 
Broeck sections the kidneys rabbits used for experimental 
purposes. The earliest reference print that Wright and 
Craighead (1) who 1922 found the central nervous system, the 
kidneys, and urine rabbits suffering from motor paralysis. They 
believed represented intermediate stage the life 
history some protozoan parasite.” 1923 Levaditi, Nicolau, and 
Schoen (2,3) found the central nervous system rabbits used 
them comparative study the virus encephalitis obtained 
from four different sources, and somewhat later (4—6) the kidneys 
three rabbits inoculated with virus from spontaneous case. Doerr 
and Zdansky (7, also found protozoan-like parasite the brains 
out 224 rabbits examined. They hesitated express them- 
selves its relation with encephalitis, but thought identical with 
the parasite which they had seen the original preparations Kling 
(9). Recently Oliver (10) has restudied the brain sections rabbits 
described earlier paper (11) and has found parasite which 
believes the same that Wright and Craighead and 
Levaditi and his associates. Still more recently Goodpasture (12) 
has described this parasite the brain and kidneys rabbits suffer- 
ing from spontaneous encephalitis. 
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The rabbits used this study belonged the stock raised the 
animal houses this Department. Since October, 1922, total 
163 autopsies cases have been found. these rabbits were 
found dead and the remaining were sick when killed. The disease 
appears more less endemic with increase the number 
cases the early summer. During December 1923 and the follow- 
ing January there was noticeable increase cases over the preced- 
ing year. study the breeding records has shown that, rule, 
all the individuals litter are not invaded the extent showing 
symptoms, and only once was the parasite found fatal cases from 
two successive litters from the same doe. 

characteristic symptoms indicating the presence the parasite 
have been observed, but the animals have all been small and weakly. 
The parasite has been found young rabbits only. The majority 
were from weeks old; the youngest, days, and the oldest, 
per cent our cases the parasitism was associated 
with demonstrable coccidiosis varying severity, and three cases 
with salivation “‘slobbers.” 

When the material collected was passed review the prepara- 
tion the manuscript seemed too meager present. The re- 
cent review Fano (13) the entire literature bearing ex- 
perimental encephalitis rabbits and the protozoon associated with 
made seem desirable publish this time the accumulated 
observations, since they and the inferences drawn may stimulate those 
having the proper material solve some the problems bearing not 
only the parasite but both brain and kidney lesions found 
rabbits. 


The 


The kidneys the invaded rabbit are rule though not invar- 
iably enlarged symmetrically. The surface still smooth. All fat 
has disappeared and the tissue has slightly congested and edematous 
appearance. Rabbits the same stock when over weeks old fre- 
quently had the surface both kidneys uniformly beset with minute 
depressions bluish black color. When the cut surface the 
freshly removed kidney gently scraped, the parasites may readily 
detected. Often portions tubules are the scrapings which 
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the parasites are still within the host cells. appear either pale 
more highly refractive bodies rod-like outline. The ends are 
rounded. the fresh condition they are 2.5 long and 1.5 
broad. 

The parasite may stained films prepared scraping the cut 
surface. certain degree Gram-positive (Fig. 1), but not 
acid-fast. Goodpasture’s method (14) stained bright red 
(Fig. 2). also readily stained with eosin and methylene blue. 
The most prominent form presented the parasite fixed and 
stained material was that blunt rod-like body with rounded ends, 
occurring either loose dense groups within epithelial cells, 
else singly the debris collecting within the affected tubules (Fig. 3). 
sections stained with eosin and methylene blue was deeply stained 
and sharply outlined. Whenever clear view individual was ob- 
tainable showed narrow, transverse, deeply stained mid-piece, 
holding together two coccus-like end-pieces. These were feebly stained 
except the periphery. thus roughly form figure 
eight. This form, which for convenience may considered the 
ripe spore form, gives way some kidneys shorter forms, rather 
feebly stained, roundish oval, without the characteristic mid-piece 
and with what may called the chromatin slightly accentuated 
one end. These are also found groups within vacuoles epi- 
thelial cells. 

The habitat the kidney parasite the epithelial cell. our 
cases the collecting tubules near the tip the papilla and even the 
epithelium covering the papilla were most frequently invaded. Next 
came the loops Henle. Rarely the parasite appeared the con- 
voluted tubules; one case epithelial cell Bowman’s capsule. 
The number rod-like bodies epithelial cell varies considerably. 
They usually appear cell vacuole and the cell may not enlarged 
may distended and distorted fill the lumen the tubule. 
The number may thus vary from more section 
which may not include the entire cell (Fig. 3). The cell membrane 
ruptures after time and the rod-like bodies are thrown into the 
tubule. Here they may seen scattered through the substance 
casts molds more less homogeneous, hyaline appearance. 
The outward passage the rod-like bodies has been demonstrated 
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living rabbits Wright and Craighead and Levaditi and his 
associates. few cases have found the parasite stained films 
the sediment urine collected autopsy and centrifuged. 

the forms described were the only ones the life cycle this 
organism one might tempted regard bacterium far 
non-cultivable. favor this view the variable number in- 
dividuals within host cells, suggesting indefinite multiplication 
fission. Moreover now know one bacterium, Bacillus 
abortus, which though non-motile multiplies within the epithelial 
cells the bovine chorion and greatly distends them. There are, 
however, indications that the spore-like bodies the kidneys arise 
different way. rabbit about days old which the kid- 
neys were quite heavily invaded, some the epithelial cells contained 
each roundish mass granular cytoplasm with limiting membrane. 
The cytoplasm was permeated with minute deeply staining bodies. 
(Fig. 4). 

These same bodies are probably genetically related certain forms 
found the lumina the loops Henle and more rarely convo- 
luted tubules. were roundish balls with homogeneous, slightly 
stained stroma, within which were regularly distributed stained bodies 
permeating the entire mass, rather vaguely outlined, and general 
resembling undeveloped forms the spores already described (Fig. 5). 
These balls were the average diameter, some much 
larger, some smaller. They were either free chromatin, indicative 
remains nucleus, else some clumps chromatin were attached 
the periphery. some tubules they were numerous enough 
fill and dilate them. balls are evidently pansporoblasts pre- 
maturely set free disintegration the host cell. These bodies 
are probably the same those described Veratti and Sala (15) 
and Fano (16) the brains rabbits. 


The Parasite Cycle. 


From what know present may assume that the stainable, 
rod-like bodies the kidneys are spores, virtue their refringence 
and non-mobility. Leaving the body the host the urine, they 
are ingested the young rabbit and after undergoing certain changes 
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they actively penetrate the mucosa the intestinal tract and are 
carried different parts the body. Only those reaching the kid- 
neys are position survive. has already been stated that 
the same parasite has been found number investigators 
the central nervous system, and Goodpasture the lungs. More 
recently Cowdry and Nicholson (17) have found the central 
nervous system mice. The writers have far failed find 
organs other than the kidneys and the brain but the search has not been 
all thorough. There more less parallelism between the para- 
site under discussion and the coccidium inhabiting the mouse’s 
kidney, Klossiella This sporozoon has not been found 
organs other than the kidneys. develops the gametes, oocysts, 
and spores the convoluted tubules and the spores pass out the 
urine. The hypothesis suggested places the organism definitely 
kidney parasite and thereby classes the parasites found the brain 
aberrant and significance the life cycle. This simple cycle 
may greatly modified and extended should intermediate host 
found for the sexual cycle. 

Concerning that part the cycle which passed the rabbit’s 
kidney—probably the vegetative multiplicative phase—there 
are certain observations which make probable several asexual genera- 
tions the parasite while the kidney. some rabbits the heavy 
invasion the epithelium certain tubules, involving every cell 
the portion seen the section, indicates that the spore entering 
the kidney way the circulation may have multiplied the cor- 
tical tubules and after discharge the progeny may have entered and 
multiplied the tubules farther down. this way two even 
three generations could cared for, the last invading the cells 
the mouths the collecting tubules. This interpretation harmonizes 
with the positive results obtained after serial inoculations several 
workers with encephalitic herpetic virus. The evidence is, 
sure, weak for all the rabbits used may have been spontaneously 
affected, although this supposition itself can scarcely regarded 
true for all the cases reported. The multiplication the vegetative 


closely related coccidium was found Pianese, 1901, the kidneys 
guinea pigs. 1914, was rediscovered Seidelin, and again 1916 
Pettit France and Louise Pearce America. 
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phase paralleled the frequently observed serial passages 
malarial parasites after the injection blood. 

further phase the problem which remains under debate for the 
time being the actual host relation the described parasite. 
true parasite the rabbit, one whose existence not possible 
the absence the rabbit, aberrant form entering the 
mammal from insect host and finding accidentally favorable 
nidus? the latter case the rabbit not necessary host and the 
stages passed the rabbit are redundant asexual phases. This as- 
pect the problem supported the successful development 
the parasite different tissues the rabbit, the mouse (17), and 
even dog (18). the other hand the wide geographical distri- 
bution the parasite, both Europe and this country, favors the 
view that are dealing with old genuine parasite the rabbit. 
Whatever the status the parasite may prove is, for pro- 
tozoon, remarkably cosmopolitan, both regards host species and 
tissues. 


Pathology. 


The injury inflicted any protozoan parasite depends upon the 
extent which multiplies asexually the host and this turn 
the number introduced spores. few epithelial cells destroyed are 
easily replaced the mitoses frequently found the kidney indi- 
cate. If, however, heavy invasion takes place within short period 
followed active asexual multiplication, the simultaneous 
destruction many host cells may lead serious lesions. 

the kidney the lesions manifestly referable the para- 
site are interference with the normal excretory functions 
plugging (a) the limbs Henle’s loop and the branches 
collecting tubules. the loops, single parasitized cell when ex- 
panded many spores fills the lumen entirely. The breaking down 
such cells and the accumulation the roundish balls immature 
sporoblasts described above the lumina produce plugs which lead 
fusiform distension the tubules and evident stagnation the con- 
tents (Fig. 5). later stages the tubule buried dense mass 
cells not polynuclear, and probably largely lymphocytic, which are 
various stages disintegration. ‘These cell masses represent zones 


. 


THEOBALD SMITH AND LAURA FLORENCE 


around the former tubule well dense masses which have entered 
the lumina. The cause for this cellular reaction may the setting 
free body-foreign protein the degenerating, partly developed para- 
sites enclosed the pansporoblasts prematurely shed, may 
due the loss the epithelial lining. 

natural sequel these conditions interference with the 
normal outflow urine from the convoluted tubules and the descend- 
ing limbs Henle’s loops. Dilatation these tubes common con- 
dition the involved kidneys, especially the later stages the 
parasitism. some cases this distension, frequently associated with 
hyaline casts, very conspicuous both the abnormal diameter 
the tubules and the areas involved. 

There are other lesions frequently met with the animals that 
came under observation, notably the cortex. These consisted 
areas lymphoid cell infiltration probably interstitial origin. 
Since the young rabbit may pass through several diseases, such lesions 
cannot referred the protozoan parasite without further proof. 
One the diseases the flock studied was coccidiosis. The denuda- 
tion the intestinal villi due the invasion several crops mero- 
zoites opens the circulation individual merozoites which, well 
known, enter the portal circulation and later set coccidiosis 
the intrahepatic bile ducts. Merozoites may carried other 
organs the body where their fate unknown. Macrogametes have 
been found the rabbit’s brain tissue. our opinion that the 
numerous bluish black pits seen the surface the adult 
rabbit’s kidney may the result emboli due the invasion 
the circulation stages coccidia from the intestinal tract, which, 
however, not develop farther. These pits are the bases 
interstitial lesions fan-shaped outline, which more less dilated 
tubules are embedded proliferated interstitial tissue. 

The above statements are supported conditions found the 
brains our rabbits. Here throughout the pia, the cerebral cortex, 
the basal ganglia, cerebellum, and medulla were found small collec- 
tions cells, probably lymphocyte type. These were either directly 
associated with capillary which they sheathed and some cases 
filled and thrombosed, else they were not associated. Some 
the latter traced serial sections might perhaps have fallen into 
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the first group. These lesions seems the writers are not due 
the kidney parasite for this rarely present them. the 
other hand this parasite may found within nerve cells which are 
filled and distended with the spore-like bodies and without trace 
reaction about them (Fig. spores may fill several adjacent 
cells (Fig. else break away when the latter are overdistended, 
for one the groups spores the cortex measured diameter 
(Fig. group would contain least several thousand spores. 

This total absence host reaction about the infected cells corre- 
sponds with conditions the kidney and characteristic many 
protozoan invasions. supports the contention that the focal cell 
accumulations are not due them and may perhaps accounted for 
dissemination the trophozoites and other stages coccidia. 
Cowdry and Nicholson (19) likewise consider the possibility that the 
lymphocytic foci may arise more than one way. 

Goodpasture (12) refers the presence the parasite the lesions 
described. association may coincidence may due 
the fact that bodies the circulation would strained out more 
readily when there are vascular lesions existence. Complete 
demonstration one the other view cannot brought with rabbits 
infected with both parasites. 

The general effect upon the rabbit large invasion kidney 
parasites would reduce permanently the effective secreting tis- 
sue. the rabbit population studied adult breeders dying from time 
time were autopsied, and chronic nephritis associated with hyper- 
trophy the heart demonstrated several cases. one, decompen- 
sation had caused extensive changes the liver and effusion into the 
large serous cavities. The literature dealing with spontaneous ne- 
phritis rabbits now fairly voluminous. has been gone over 
with some care with the hope perhaps harmonizing some the 
conflicting data and view-points tracing from those the 
kidney parasite starting point. This has not been successful 
and must left future observers who will take into consideration 
the effects all infectious diseases young rabbits. Such effects 
are still unraveled and this can only done safely studying 
different ages populations which carry only one the several 
infections. 
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the many papers this subject only one cited bearing 
the early incidence the disease. and Archer (20) found 
per cent certain stocks rabbits affected with spon- 
taneous encephalomyelitis and spontaneous nephritis. They assume 
that both conditions may possibly due single virus 
certainly filter The disease was more easily transmitted 
cage infection than artificial inoculation. highly 
probable that the writers had the protozoan nephritis their group. 
The reason that the parasite has been often overlooked due 
the fact that the invasion one the early weeks life and when 
the nephritis comes under observation the parasites have been dis- 
charged. the central nervous system, however, such discharge 
impossible and the parasites persist intact since cellular reaction 
absent, least from many invaded areas. 

our group, exposure the parasite began evidently birth and 
may called nest infection. This also true coccidiosis. Just 
what would happen population which had never been subject 
this disease exposed when months old even older well worth 
study the part those who happen have the necessary condi- 
tions The early invasion may perhaps explain Goodpasture’s 
experiment, who placed two young white and two young gray rabbits 
with infected mother. After weeks the white rabbits became 
ill, the gray rabbits remained well. The obvious inference 
drawn that the white were already infected when exposed. 

The extensive discussion this subject Levaditi (21) and his 
associates did not come into our hands until after the completion 
this manuscript. Among the new features the parasite described 
the pansporoblast the inoculated rat. The facts presented 
not lead the writers modify any views already expressed. 


SUMMARY. 


spontaneous epidemic nephritis among young rabbits asso- 
ciated with protozoan parasite has been observed certain breed- 
ing stock since 1918. regarded nest infection. The para- 
site tentatively classed among the microsporidia and the stages 
encountered are regarded vegetative which may perhaps pass 
through several generations the same host. parasite 
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the epithelial cell, provoking immediate host reactions. These 
are supposed follow injury such destruction the epithelium 
and denudation and plugging the tubules. The localizations 
the brain are also without cell reaction, except under special condi- 
tions, and the many cell foci present are attributed coccidia and 
perhaps bacteria and other intestinal parasites. The kidneys are 
looked upon the normal habitat and the brain. parasites aber- 
rant and outside the normal cycle unless can shown that the 
spores discharged into the circulation may again multiply some 
organ like the kidneys direct communication with the exterior. 

highly probable that many reported cases nephritis among 
older rabbits used experiments had their origin early inva- 
sion the parasite described. 
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EXPLANATION PLATES. 


Fic. Film kidney tissue arabbit. Parasite epithelial cell. Gram 
stain. 1,000. 

Fic. Film kidney tissue the same rabbit. Parasites escaped from 
ruptured cell. Goodpasture’s stain. 1,000. 

Fic. Tangential section through thekidney arabbit. Parasitein epithelial 
cells collecting tubules and Henle’s loop. 


PLATE 


Fic. Transverse section through kidney young rabbit. 
blasts” epithelial cells collecting tubules. 840. 

Fic. Longitudinal section through kidney rabbit. loops dis- 
tended and blocked the upper right hand corner the 
epithelial cells the loop still situ are involved. 750. 


PLATE 


Fic. Transverse section through the cerebral cortex rabbit. Two 
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THE RESPIRATORY RESPONSE CARBON DIOXIDE. 
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INTRODUCTORY. 


The present paper deals with attempt determine whether 
the respiratory response carbon dioxide stimulus obeys simple 
law, and, so, what modifications this law subject. Scott (1) 
has studied this response cases pulmonary emphysema, and 
Peabody (2) cases cardiac disease. Scott studied the normal 
response two individuals while Peabody determined the limits 
variation nine normal individuals. These authors were concerned 
mainly with the variations occurring pathological conditions, and 
therefore did not make any detailed critical study their normal 
data. had intended make study the variations response 
number individuals, but the findings single one appeared 
sufficiently interesting warrant and detailed consideration. 


Methods. 


The effect gradually increasing percentages carbon dioxide was studied 
means rebreathing closed circuit consisting modified Douglas bag 
with inflow and outflow tubes, dry meter, and rubber mouthpiece fitted with 
inspiratory and expiratory valves. The general arrangement the apparatus 
shown semidiagrammatically Text-fig.1. The direction air flow indicated 
means arrows. isthe modified Douglas bag 100 liters capacity. 
are wide bored three-way taps. the mouthpiece. twenty-light 
capacity dry meter manufactured McDonald and Company 
Albany. The resistance this meter almost negligible even the maximal 
rates pulmonary ventilation produced high percentages carbon dioxide 
the inspired air. small bore side tube connected with oxygen tank 
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fitted with reducing valve and flow meter calibrated register with approximate 
accuracy rates flow less than liter per minute. similar side tube, 
used obtain samples inspired air, either into exhausted sampling tubes 
directly into the burette the Haldane gas analysis apparatus. means 
the three-way stop-cocks the subject may made inhale from and exhale 
into the room air through the meter, and his normal respiratory rate and minute 
volume may determined. When the stop-cocks are turned the apparatus be- 
comes closed circuit, inspiration and expiration being from and the Douglas 
bag addition, the side limb.of the stop-cock can attached the three- 


Text-Fic Rebreathing apparatus. modified Douglas bag; wide bore 
three-way tap; wide bore three-way tap; rubber mouthpiece; dry gas 
meter; and small bore side tubes. 


way outlet Tissot spirometer that the subject could made inspire 
either room air from the free limb the Tissot outlet, pure oxygen, any 
other required gas mixture from the spirometer, exhaling through the meter 
and out into the room air through the opened stop-cock means the 
meter, graduated liters and tenths liter and capable being read with 
approximate accuracy 0.05 liter, the respiratory rate, minute volume, and 
average tidal air could readily determined with the aid stop-watch and 
tally hand register. These were determined rule over minute period 


a 


every minutes throughout the experiment, the remaining minutes the 
being given counting the pulse rate and writing down the figures. exactly 
the middle the minute period sample inspired air was taken for analysis. 
those experiments which the Douglas bag contained pure oxygen begin 
with, the carbon dioxide alone was estimated and the sample was taken directly 
into the burette the Haldane gas analysis apparatus. The analysis could 
satisfactorily completed and the apparatus cleared sufficient time for the next 
sample minutes later. experiments which room air was used and oxygen 
added replace that utilized, the samples were collected exhausted sampling 
tubes and subsequently analyzed for carbon dioxide and oxygen. 
were out the morning, from hours after light breakfast. During 
half hour prior the experiment the subject sat quietly chair sucha 
position that the only movement required commencing the experiment was the 
insertion the mouthpiece and adjustment the nose clip. 

the commencement each experiment, from three five periods observa- 
tion were taken with the subject breathing room air. The average minute volume 
pulmonary ventilation obtained from these observations was taken the normal 
and formed the basis for calculation the coefficients” the subse- 
quent experiment, after the manner described Peabody (2). ‘This author takes 
the average normal minute volume 100, and the subsequent minute volumes 
percentage increases over this figure. Thus, when the ventilation doubled, the 
200. coefficient 400 indicates that the ventilation has increased 
fourfold. 


The Normal Response Carbon Dioxide. 


Six experiments were made different days order determine 
the limits variation and average normal response increasing con- 
centrations carbon dioxide single individual. gives the 
findings typical experiment. this experiment oxygen was 
added the bag during the rebreathing period rate slightly 
greater than 250 cc. per minute. spite the fall the oxygen 
percentage the inspired air, probable that the alveolar oxygen 
percentage remained approximately normal, owing the greatly 
increased minute volume pulmonary ventilation. 

will noted that the subject under investigation the rate 
respiration increased but little until the inspired carbon dioxide in- 
creased approximately per cent. The response was mainly mani- 
fested increase depth. Ina few experiments another subject 
the results were less clear-cut, rate sometimes increasing earlier and 
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more markedly than depth. This variation response has been pre- 
viously noted Hough (3), who found that twenty-three out 
twenty-five normal individuals showed early increase depth while 
the remaining two the respiratory rate increased prior in- 
crease depth. 

The results our six experiments are shown Text-fig. 
which the ventilation coefficient has been plotted against the per- 
centage carbon dioxide the inspired air. The curve the one 
which was found empirically fit the results most closely. was 
drawn that the average the variations above the curve equals 
that those below it. 


TABLE 


1924. Remarks. 


inspired. 
inspired 
Respiration 
Ventilation 
coefficient. 
respiration. 


Pulse rate. 
Volume per 


per cent | per cent 


carded. 


The results show considerable divergence from those Peabody 
(2) and Scott shows the limits normal response 
the present subject the six experiments that involved rebreathing 
room air and five rebreathing oxygen. the same figure 
have included the limits found Peabody nine normal individuals, 
and the curves the two normal individuals investigated Scott. 
None these findings can compared with the results Lindhard 
(4) and Campbell, Douglas, Haldane, and Hobson (5) because 
these latter the minute volume total pulmonary ventilation not 
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given. The reasons for the divergence between our results and those 
Scott and Peabody are not evident. conclude, therefore, 
that the respiratory response carbon dioxide the inspired air 
shows marked variations different individuals, and indeed any 
given individual different days. have evidence leading 


Per cent inspired 


Respiratory response Ordinates represent ventilation 
coefficient represent percentages (X). The dots indicate 
observed values and The crosses indicate calculated values for and 


suppose that this variable response necessarily due variations 
the excitability the respiratory center itself. might due 
other factors such the hemoglobin concentration, slight variations 
the carbon dioxide-carrying capacity the blood, slight 
changes metabolism. 
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Lyon (6) has shown that the response adrenalin indicated 
changes blood pressure obeys the Weber-Fechner law, according 
which the response proportional the natural logarithm the 
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Per cent inspired 


Comparison respiratory response the present subject 
with that other normal individuals. The horizontally shaded area represents 
the limits response the present subject. The vertically shaded area repre- 
sents the limits response cases studied Peabody. The curves and 
are those the two normal individuals investigated Scott. 


stimulus. seemed interest determine whether the curve 
response carbon dioxide given Text-fig. also obeyed this any 
other known law which can expressed mathematical terms. The 
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values for and are given Table II, representing the strength 
the stimulus expressed the percentage CO, breathed, 
the respiratory response measured the ventilation coefficient. 

From glance this table can seen that while arith- 
metical progression, the successive increases geometric 
progression, any rate for values to5. The relationship be- 
tween and can therefore expressed formula the type 
and the constants and were found 94, and re- 
spectively, the general expression being (6) The 
results Peabody and Scott can expressed similar equation 
but one having different values for and probable that 


TABLE 
452 170 478 —26 
348 862 —62 


these mathematical constants may have some physiological signifi- 
cance, but our present data give indication regarding what this 
may be. 

The formula expresses very exactly the respiratory response 
carbon dioxide for percentages per cent. Beyond this point 
the observed results show progressive fall below the calculated 
values. There are physiological reasons for this divergence. Assum- 
ing that the equation correctly expresses the relation between car- 
bon dioxide stimulus and respiratory response, evident that can 
only hold within limits and that beyond certain point the ability 
respond will progressively limited failure the muscles 
respiration and perhaps failure changes other systems. 
For values the respiratory response does not demand 
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any abnormal effort, but beyond that point the effort required 
maintain the greater pulmonary ventilation, together with the in- 
creased resistance the breathing circuit, would give rise fatigue 
which would manifest itself just such divergence shown be- 
tween the observed and calculated response. noteworthy, also, 
that the subject under investigation, this occurred 
approximately the point which increased depth alone was in- 
sufficient take care the demand for increased pulmonary ventila- 
tion. Obviously the facts cannot expressed terms the Weber- 
Fechner law. They indicate rather that the natural logarithm the 
response increases proportion the stimulus. 


IV. 


The Respiratory Response Carbon the Presence High 
Oxygen Percentages. 


The fact has been clearly established that conditions anoxemia 
the respiratory center abnormally sensitive increases carbon 
dioxide concentration, but the effect increased oxygen percentages 


upon the respiratory response carbon dioxide has given rise con- 
troversy. Previous have studied this point with reference 
the alveolar ventilation, not the total pulmonary ventilation. The 
alveolar ventilation cannot determined directly, but calculated 
from the percentages carbon dioxide the alveolar and inspired 
air. 

Lindhard (4) considered that the presence high oxygen percentage the 
inspired air, the sensitivity the respiratory center carbon dioxide greatly 
diminished, while Campbell, Douglas, Haldane, and Hobson (5) have held that 
the sensitivity the respiratory center carbon dioxide unaltered even wide 
variations the percentage oxygen inspired. The difference opinion would 
seem depend upon the methods used determining the carbon dioxide percen- 
tages the alveolar air, and calculating the alveolar ventilation. 

Benedict and Higgins (7) found that the breathing pure oxygen produced 


change the character, depth, frequency the respiration recorded 
means pneumograph. 


have performed six experiments which pure oxygen was re- 
breathed. The results are shown Text-fig. this figure the 
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seen that the difference between the two curves well within the limits 
normal variation. noted, however, that the respiratory 
response inspired carbon dioxide slightly greater the presence 


Ventilation coefficient 


Per cent inspired 


Comparison respiratory response when breathing normal 
and high oxygen mixtures. Each curve represents composite six experiments. 
The broken line the curve for normal the continuous line that for high 
concentration. 


high oxygen percentages. have also compared the minute 
volumes when breathing room air and pure oxygen. The results are 
shown Table III which gives the average minute volumes,—each 
one based upon from three five minute periods observations,— 
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together with the mean deviations. The average percentage differ- 
ence for the whole six experiments 2.6. view the fact that 
some cases the percentage increase differed but little from the mean 
deviation are unwilling lay any stress this increase. 
would point out, however, that might accounted for at- 
tempt the part the respiratory center compensate for the slight 
fall resulting from the increased oxygen saturation the ar- 
terial blood when pure oxygen breathed. This, however, can only 
regarded possibility. view the very small difference 
the respiratory response carbon dioxide with normal and in- 


TABLE III. 
Average minute volume. 
Room air. Pure 
liters 

May 5.40 5.96 +10 


creased oxygen percentages this matter can decided only 
through statistical methods based upon large amount data col- 
lected under carefully standardized conditions. 


The Influence Fatigue upon the Respiratory Response Carbon 
Dioxide. 


order determine whether the respiratory response carbon 
dioxide was altered fatigue, attempted compare the minute 
volume respiration before and after period breathing through 
resistances while the subject was breathing mixture containing 
per cent The minute volume with this percentage was less 
after the resistance period than before, but also was the minute 
volume with ordinary room air, the ventilation coefficient being ac- 
tually greater. Owing our inability interpret this result, well 
the difficulty obtaining satisfactory resistance, abandoned 
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this method inducing fatigue, and resorted comparison the 
results several successive rebreathing periods. this means 
was found that the response was definitely less the second, third, 
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Per cent inspired 


Successive rebreathing periods showing evidence fatigue. 
Curve represents response first rebreathing period. Curve represents 


response second rebreathing period. Curve represents response third 
rebreathing period. 


and fourth rebreathing experiments. Text-fig. show the re- 
sults one these experiments involving three successive rebreath- 
ing periods, with minutes rest after each while the Douglas bag was 
emptied and refilled. noted that while the points deter- 
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mined the first the three periods fell close smooth curve, 
those for the subsequent periods showed considerable amount 


Per cent inspired 


Curve showing effect repeated rebreathing periods the sub- 
ject compared his normal response. The shaded area indicates the normal 
variation respiratory response The black dots represent the findings 
the first rebreathing period. The circles represent the findings the second 
rebreathing period. The crosses represent the findings the third rebreathing 
period. The represent the findings the fourth rebreathing period. 


scattering. This irregularity was more marked when the inspired 
CO, was below per cent and may possibly have been due some 
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Protocol Fatigue Experiment, June 30. 
Subject quiet and comfortable throughout experiment. Light breakfast (one 


cup coffee and one banana) 8.30 a.m. 


n 
a.m. per cent liters 
10.013 4.7 4.68 
1 
Room air. 4.90 
10.51} 62| 4.88 
11.063 3.74 90+ 6.7 
Room air. 


Ventilation 
coefficient. 


279 
327 


Remarks. 


vol. per cent. 


10.04 a.m. Commenced 
rebreathing. 


10.28 a.m. Back room 
air. 


.08 vol. per cent. 


Commenced 
rebreathing. 


11.23 a.m. Back room 
air. 


59.50 vol. per 


Commenced 
rebreathing. 
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p.m. 
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Protocol Fatigue Experiment, June 


Remarks. 


Period No. 
Inspired 
Pulse rate. 
Respirations 
ume res- 
pirations. 
Ventilation 
coefficient 


per cent | per-cent 
6.24 90+ 


7.14 90+ Back room 
air. 


57.00 vol. per cent. 


12.44 p.m. Commenced 
rebreathing. 


air. 


Room air. Blood 7.30; 
content 58.75 vol. per 
cent. 


instability the respiratory center brought about fatigue. For the 
higher percentages carbon dioxide the response the second and 
third periods was very definitely less than the first and fell well 
below the normal limits variation for the subject. 

Similar results were obtained second experiment. The de- 
tails this experiment are shown protocol and Text-fig. 
this experiment the ventilation coefficients for percentages 
CO, between and were markedly increased the third and fourth 
rebreathing periods, rising well above the normal limits variation, 
while for percentages above they fell below the normal limits. These 
findings suggest the possibility that there may have been two kinds 
fatigue involved—that the respiratory center, involving 
irritability and increased response for the lower levels carbon 


p.m. 

12.32 

Room air. 109 

12.56} 3.63 90+ 8.3 |12.02 230 


dioxide, and that the muscles respiration, manifested ina- 
bility respond the higher levels carbon dioxide concentration 
when the demands for pulmonary ventilation were much greater. 
this experiment samples venous blood for estimations 
were taken with minimum stasis and analyzed the method 
Hastings and Sendroy (8) and the carbon dioxide content the 
constant volume method Van Slyke (9). The varied only 
0.01, but the carbon dioxide content increased from 
volumes per cent (see protocol), indicating considerable increase 
the carbon dioxide-combining power. This increase might account 
partly for the diminished respiratory response jat the higher levels 
carbon dioxide concentration. The point investigation. 


SUMMARY. 


~ 


technique for determining the respiratory response carbon 


dioxide the Peabody principle described. 

The relation between minute volume total pulmonary venti- 
lation and percentage carbon dioxide the inspired air can 
which the ventilation rate, the content the inspired 
air, and and are constants characteristic for the individual. 

The respiratory response carbon dioxide expressed the 
total pulmonary ventilation slightly greater high oxygen per- 
centages (90 per cent than normal oxygen percentages the 
inspired air. 

Respiratory fatigue may consist two elements—one nervous, 
manifesting itself increased excitability the center and more 
marked response when the demand for pulmonary ventilation small, 
the other muscular and involving inability respond when the 
demand for pulmonary ventilation great. 


are indebted Dr. Hastings for assistance the mathe- 
matical portion Section III, and Messrs. Julius Sendroy, Jr., 
and Tully Curitz for the and blood gas findings the fatigue 
experiment. 
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That bacterial derivatives possess anaphylactogenic properties was 
demonstrated the pioneers the study anaphylaxis. But 
from the numerous subsequent studies bacterial hypersensitive- 
ness the fact has emerged that these antigens are not highly endowed 
with anaphylactogenic properties. Compared such substances 
egg albumin and animal serums bacterial derivatives yield positive 
results less easily and less constantly. Nevertheless active and pas- 
sive anaphylaxis and the phenomena desensitization have been 
accomplished repeatedly either with intact bacterial cells with 
extracts many microorganisms. has also been found that dur- 
ing the course certain experimental infections, particularly guinea 
pig tuberculosis, anaphylaxis the bacterial protein may sometimes 
demonstrable (Baldwin (1), Krause (2), Zinsser (3), and Smith 
(4)). Hence anaphylaxis may artificially produced with bac- 
terial derivatives the absence infection, may occur one 
the phenomena infection. contrast with the general agree- 
ment concerning the fact bacterial anaphylaxis are the widely differ- 
ing opinions which have been expressed concerning its significance: 


naming anaphylaxis, Richet (5) had mind condition the opposite pro- 
tection; Weil (6) the basis experiments with non-bacterial antigens believed 
anaphylaxis preliminary phase the development immunity wherein 
cellular antibody inadequately protected against antigen circulating anti- 
body; Arthus (7) from venom experiments has concluded that such may the 
case and also that anaphylaxis and immunity may coexist; Bordet (8) suggests 
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that anaphylaxis may merely concomitant immunity without any essential 
relation it—a sort complication; Krause (2) and others hold that tuber- 
culosis, least, anaphylaxis tuberculoprotein has influence tuberculosis 
immunity. 

Rosenow (9) says: “The question anaphylaxis pneumococcus extracts 
relation susceptibility and immunity pneumococcus infection has also been 
studied. has been found from numerous tests that guinea-pigs which are sensi- 
tive pneumococcus extracts resist small injections pneumococci 
(from 0.01 0.2 cc. 24-hour broth culture, depending the virulence), but 
are more susceptible large injections than the normal Rosenow gives 
further details these experiments. was clearly working with organism 
much lower virulence than the one have used and consequently had much 
more restricted range for immunity titrations. will transpire from the de- 
scription our experiments the results not provide confirmation for Rosenow’s 
findings. 

Clough (10) obtained sensitization guinea pigs inconstantly with extracts 
pneumococcus. With this preparation the difference between the lethal dose for 
normal and the lethal dose for sensitized guinea pigs was not large. However, 
states that: pigs sensitized with extracts pneumococci showed in- 
constantly very slight grade immunity infection with living virulent cul- 
appears from this statement well from the data his paper, 
Clough’s experiments indicate that sensitization plays any part the immunity 
mechanism, only inconstant and inconsequential réle. 

Recently Zinsser and Mallory (11) have reported successful experiments ac- 
tive and passive anaphylaxis using the uterine horn method and killed pneu- 
mococcus suspensions anaphylactogen. This report, however, records ob- 
servations bearing the relation anaphylaxis pneumococcus immunity. 


EXPERIMENTAL, 


The present paper reports attempt subject one type in- 
fection experimental analysis planned that the particular 
instance studied the immunological significance anaphylaxis would 
revealed. 

The general plan the experiments was subject guinea pigs 
immunizing injections pneumococcus, titering the immunity 
frequent intervals, and testing for the appearance and duration 
allergy and anaphylaxis. With such data for analysis any 
cant effect alteration reactivity shown skin allergy 
anaphylaxis upon resistance the animals infection ought 
reflected the immunity curve. 
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150 guinea pigs were used each experiment. Beginning with heat-killed 
hour broth cultures pneumococcus, and later using fresh unkilled hour 
cultures, the animals during the course weeks were brought state 
immunity which they survived million lethal doses living culture. 
About per cent the animals died during the course the immunization. 
The doses given intraperitoneally day intervals were: killed culture 
0.25 cc., 1.5 living culture 0.001 cc., 0.01 cc., 0.1 cc. 

Every days during the course the experiment twelve fifteen animals 
were taken from the group determine the degree immunity attained, and 
demonstrate the methods outlined below the presence specific hypersensi- 
tiveness whenever existed. 

Throughout the work have used Pneumococcus Type isolated from the 
blood patient with lobar pneumonia. Upon isolation the lethal dose intra- 
peritoneal injection for guinea pigs 200 300 gm. was repeated 
passage through guinea pigs the virulence was raised. After reached point 
where 0.00000001 cc. regularly killed, the virulence was maintained weekly 
passage. the intervals between passage was stored blood broth the 
ice chest. During year and half there has been apparent tendency for the 
virulence decline. 

Young guinea pigs, chiefly females, 200 250 gm. have been used. Since 
each experiment extended over period several weeks the animals often gained 
gm. between the beginning the experiment and the time when they 
were employed for immunity titrations, but with only few exceptions the weights 
the animals the time that graded doses culture were given varied between 
225 and 300 gm. not found that there any significant difference the 
natural susceptibility guinea pigs intraperitoneal injection Pneumococcus 
Type the weights are between 200 and 300 gm. After intraperitoneal in- 
jection broth cultures pneumococcus guinea pigs die days with 
diffuse peritonitis and bacteremia. When death occurs early, the peritoneal 
exudate thin purulent fluid with only small amount fibrin. Enormous 
numbers pneumococci are present. the animals live several days the exudate 
becomes more fibrinous. The typical pathology does not include pneumonia. 

attempt has been made separate purify the various antigenic substances 
the pneumococcus. Interesting and important are such studies those 
Zinsser and Parker (12) and Heidelberger and Avery (13) the chemical proper- 
ties antigenic substances obtainable from the pneumococcus, such purified sub- 
stances are not essential for study the particular problem under consideration. 

testing for skin allergy and anaphylaxis have used antigens: (a) 
hour broth cultures killed heating 60° for hour; filtrate from fresh 
hour broth cultures. This filtrate contains the soluble substance described 
Dochez and Avery (14) and recently studied more detail Heidelberger and 
Avery (13). The filtrate was freshly prepared the day was used. (c) 
extract prepared centrifugalizing hour broth cultures, removing the super- 
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natant broth, grinding the sediment with powdered glass, extracting, with fre- 
quent shaking, for hours room temperature with n/100 after filtra- 
tion the extract standardized nitrogen content; 0.5 per cent phenol has been 
added preservative. During the course the work, this extract, which 
shall refer pneumococcus protein, has been freshly prepared each week. 
obviously mixture the soluble cellular constituents, but since has been 
found antigenic, the fact that mixture way invalidates the results. 

The presence absence cutaneous allergy was determined the intra- 
cutaneous injection whole killed cultures, filtrate, and pneumococcus protein. 
Approximately 0.02 cc. each substance tested was injected; the test sites were 
watched for minutes and then read 18, 24, 48, and hours. Intact ani- 
mal anaphylaxis was determined the intravenous method. When the pneu- 
mococcus protein was used was injected amounts 0.5 1.5 cc. solution 
containing mg. nitrogen per 100 cc. This substance produces untreated 
control animals immediate clonic muscular contractions and sharp drop 
temperature 3°C. The animal shivers violently for minutes, then 
lies still and appears sick for perhaps minutes more, but with the amounts 
pneumococcus protein used death was not observed any the control animals. 
After minutes recovery was complete. Although there certain similarity 
between anaphylaxis and these symptoms from first injection pneumococcus 
protein, they should not confused. The characteristic bucking movements, 
respiratory embarrassment, and fatal outcome anaphylactic shock have not 
occurred after the injection pneumococcus protein. Animals were also in- 
jected intravenously with filtrate from fresh hour cultures amounts 1.5 
2.5 cc. These amounts produce symptoms normal controls. The third 
method for the detection specific hypersensitiveness was the Schultz-Dale 
uterine strip technique. 200 cc. bath Locke’s solution was used. The anti- 
gens added the bath were pneumococcus protein amounts from cc. 
(nitrogen mg. per 100 cc.) and filtrate from fresh hour cultures amounts 
1.0 Owing the fact that broth alone amounts small 2.5 cc. 
(in 200 cc. bath) may with some normal animals produce uterine contraction, 
one ,inclines toward caution interpreting the results with the Schultz-Dale 
technique when filtrate added the bath. two occasions, when testing 
immunized animals, obtained uterine contractions with 1.5 and 2.0 cc. but 
owing the narrow margin between the sensitiveness filtrate the uterine 
horns from these immunized pigs and those from normal controls have dis- 
carded these results and have not concluded that any anaphylaxis filtrate has 
been demonstrated the method. With the pneumococcus protein 
the case different. The uterus normal guinea pigs showed contraction 
after amounts cc. solution containing mg. nitrogen per 100 cc. 
were added the 200 cc. bath. Larger amounts were not tried. 

has been stated the virulence the pneumococcus was raised repeated 
passage through guinea pigs. Eventually 0.00000001 cc. injected intraperitoneally 
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quite constantly killed guinea pigs 200 300 gm. Frequently 0.000000001 cc. 

was lethal. the immunity titrations there was therefore available wide range 

dosage. titration least six animals and six normal controls were used. 

Dilutions fresh hour broth cultures were made with plain broth that 1.0 

cc. the dilution contained the desired fraction cubic centimeter the 

undiluted culture. While the results these titrations were the whole un- 

equivocal, occasionally animal survived larger dose than one which was fatal 

other animals the same group previously treated exactly the same way. 
This occurred with almost the same frequency control animals the im- 


munized. best, such titrations, however, can attain only approximate accur- 
acy, but with range dosage from 1.0 0.000000001 cc. significant alterations 
susceptibility are revealed. and illustrate the method and results 
the immunity titrations. 

the same time that active immunity was measured, the protective power 
the serum was quantitatively determined. Two the animals whose serum 
was tested death and the serum pooled. this pooled 
serum was injected intraperitoneally into each six normal guinea pigs. hours 


later these animals were injected with graded doses culture. Preliminary ex- 
periments had shown that the amount serum used and the interval between 
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serum administration and culture injection conferred maximal protection for that 


serum. larger quantity serum longer interval yielded ‘no additional 
protection. 


Results. 


Text-fig. shows the results the first immunization experiment. 
the 22nd day the animals survived million lethal doses cul- 
ture. the same day the protective power the serum was 
million M.L.D. The protective power the serum shows drop 
the 12th day, days after the second immunizing dose killed cul- 
ture. The significance this not clear but worth noting that 
protective power the serum occurs just prior the 


TABLE 
Intact Animal Anaphylaxis Days after Beginning Immunization. 


uinea * of filtrate 
pig No. Weight. intra- Result. 
venously. 
gm. ce 
Immunized. 223 1.5 min. after injection scratches nose; 


violent bucking movements; lies 
side; very sick. Survived. 
210 2.0 Typical anaphylactic shock. Death 


min. 

100 200 2.0 Typical anaphylactic shock. Death 
min. 

113 218 2.0 Typical anaphylactic shock. Death 
min. 

Controls. 222 225 2.0 Nosymptoms. 
230 192 2.0 


period when anaphylaxis becomes demonstrable. each day that 
the protective power the serum the immunized pigs was titrated, 
precipitin and agglutinin tests were set up, using for the precipitin 
tests both filtrate and pneumococcus protein. Despite the presence 
high degree active immunity and strong protective power 
the serum, was not possible any time during the course the 
experiments with immunized animals demonstrate the presence 
the serum either precipitins agglutinins. This lack parallel- 
ism between protective power and other familiar antibodies has 
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course been observed before, but what has been observed these 
experiments particularly striking example. 

the 12th day and again the 28th day, the animals were found 
the Schultz-Dale method anaphylactic pneumococcus 
protein. 4.0 8.0 cc. solution containing mg. nitrogen per 
100 cc. gave strong contractions. example such anaphy- 
lactic with complete desensitization shown Text-fig. 


>| — a io 
100,000 
1000 
100 
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the 17th and 22nd days positive contractions were obtained. 
The animals were apparently desensitized the immunizing injec- 
tions. With the filtrate from broth cultures positive reactions were 
obtained any time during the experiment. testing for intact ani- 
mal anaphylaxis with the pneumococcus protein and the filtrate, the 
results were different. time was there definitely positive re- 
sponse with the protein extract, but the 35th day fatal anaphylac- 
tic shock was obtained intravenous injection amounts filtrate 
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quite innocuous for control animals. Table III shows these results. 
time was possible demonstrate any cutaneous allergy 
protein extract, filtrate, whole killed cultures. Experiments dealing 
with the production cutaneous reaction repeated intracutaneous 
injections pneumococcus protein and the relation this allergy 
resistance infection are reported separate paper. 

Text-fig. shows the results second experiment carried out the 
same way that shown Text-fig. The intervals between test 


Text-Fic. Contractions uterine horn from Guinea Pig 353 immunized 
pneumococcus. 4.0 cc. solution pneumococcus protein containing 
mg. nitrogen per 100 cc. were added the 200 cc. bath Locke’s solution. 
Band this was repeated, the bath having been changed between each addition. 
and indicate that the preparation was desensitized. small amount 
histamine was added show that the muscle strip had not lost its capacity 
contract. 


days were slightly different, but otherwise this experiment was 
repetition the first. ‘The results were very similar. skin allergy 
and agglutinins were demonstrable. Questionable uterine con- 
tractions were obtained the 14th day and undoubted responses 
the 28th day. this experiment, however, intact animal anaphy- 
laxis was not observed. The curves active immunity and protec- 
tive power the serum are very similar the two experiments. 
When come examine these results for some significant re- 
lation between anaphylaxis and active immunity find none. The 
immunity curve rises from week week and shows change its 
trend when anaphylaxis pneumococcus protein appears, nor 
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altered the temporary suppression anaphylaxis occuring 
during the 3rd and 4th weeks result doubtless the immunizing 
injections. The reappearance anaphylaxis the 28th day fails 
produce any detectable effects upon the active immunity. The 
abrupt decrease protective power the serum observed the 
12th and 14th days occurs the time when anaphylaxis first becomes 
demonstrable. What this means not clear. With the reappear- 
ance anaphylaxis the 28th day similar decrease occurs. From 
the fact that the active immunity curve does not participate the 
temporary decline, there justification for believing that whatever 
efiect the development anaphylaxis pneumococcus protein 
may have the protective power the serum, does not alter im- 


portantly the active resistance the animal pneumococcus in- 
fection. 


CONCLUSIONS. 


Intraperitoneal injections killed and living broth cultures 
virulent pneumococcus produce guinea pigs high degree 
active immunity and serum with strong protective power. 

Despite the protective power such serum agglutinins for 
the homologous organism and precipitins for soluble derivatives 
were demonstrable. 

Guinea pig immunity pneumococcus infection produced 
the method described not attended cutaneous allergy de- 
rivatives the pneumococcus used for immunization. 

During the course artificially produced active immunity, 
anaphylaxis may times present and times absent without any 
measurable effect upon the resistance the animal infection 
intraperitoneal injection. 

the particular instance studied, the experiments indicate 
that anaphylaxis pneumococcus protein has important effect 
upon the resistance the animal infection. appears 


concomitant without any significant réle the immunity mecha- 
nism. 
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(Received for publication, August 22, 1924.) 


The type hypersensitiveness represented the much studied 
tuberculin allergy has been observed occur number non- 
tuberculous infections. Studies the altered skin response soluble 
derivatives intact organisms have been made infections due 
Bacillus typhosus, Bacillus abortus bovinus, Spiro- 
cheta pallida, Sporotrichum, and Trichophyton; and there are indica- 
tions that the same phenomenon may occur other infections. 
any rate may said that allergy derivatives microorganisms 
not uncommon accompaniment infection. consideration 
infection from the point view allergy, one the questions 
which arises the relation the tuberculin type allergy anaphy- 
laxis. experiments Krause and the recent work Zinsser (1) 
indicate that this type altered reactivity quite independent 
anaphylaxis. They are distinct phenomena which may may not 
coexist during infection. second question which has long been 
under investigation and discussion whether actual infection 
necessary for the production the tuberculin type allergy. Stu- 
dents tuberculosis have until lately regarded actual infection 
necessary prerequisite tuberculin and other similar allergies, 
although foci produced the injection killed cultures have some- 
times been found accompanied temporary skin allergy. The 
studies Zinsser (1), McJunkin (2), Petroff (3), Lange (4), and Eber- 
son (5) have the last few years cast doubt the belief that actual 
infection necessary. The experiments reported this paper add 
additional evidence support the idea that allergy the tu- 
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berculin type may produced the absence infection. third 
question relates the réle that allergy plays the immunity mecha- 
nism. 

While opinion has favored the view that tuberculin allergy 
important factor tuberculosis immunity, the evidence not com- 
plete, and with regard the this kind allergy the 
nity mechanisms other types infection, there has been little more 
than analogy support the hypothesis that its presence indicates 
resistance infection the homologous organism. 

separate paper (6) experiments dealing with the effects 
anaphylaxis pneumococcus protein upon resistance pneumococ- 
cus infection have been reported. The present paper deals with 
the effects, rather, will shown, the nearly complete absence 
effects upon resistance pneumococcus infection allergy 
produced with soluble derivatives. The organism used the present 
study has been the same strain Pneumococcus Type with viru- 
lence enhanced repeated passage through guinea pigs, that was 
described the preceding paper. The pneumococcus protein was 
prepared the same way. animals used were guinea pigs 
weighing the beginning each experiment 200 250 gm. 

attempting several methods render guinea pigs allergic 
pneumococcus protein was found that repeated intracutaneous 
injections (0.02 0.05 cc.) solution containing mg. nitro- 
gen per 100 cc. yielded the most satisfactory results. About two- 
thirds the animals treated developed during the 3rd, 4th, 5th 
week after the first injection distinct cutaneous allergy. The cu- 
taneous reaction produced this way develops after latent period 
hours; consists firm bright red nodular elevation 
varying, when 0.02 cc. has been injected, from mm. diame- 
ter (Fig. 1). persists days and then recedes without 
breaking down. is, therefore, its appearance and course, 
similar mild tuberculin reaction. have not succeeded either 
the uterus strip method intravenous injection the intact 
animal demonstrating anaphylaxis these allergic animals. This 
agreement with Zinsser’s (1) observations the independence 
tuberculin allergy and tuberculoprotein anaphylaxis. When the 
intraperitoneal the intravenous method administering the pneu- 
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mococcus protein was used large proportion the animals died be- 
tween the 10th and 20th days. Presumably such deaths were due 
immunological process since there was gross pathology, and 
post mortem cultures were sterile. Rosenow (7) has recorded similar 
deaths using pneumococcus autolysates for sensitization. 

Guinea 
pigs 


ar WON 


Time appearance and duration skin allergy group 
guinea pigs given repeated intracutaneous injections pneumococcus protein. 
The lines indicate the periods during which allergy was demonstrable. The 
arrows indicate the days which injections were given amounts 0.02 
0.05 cc. Five the animals this experiment failed develop skin reaction. 
The others showed variations intensity and duration the allergy. 


Text-fig. records experiment this type. seen that the 
skin allergy manifest during the 4th and 5th weeks after the first 
injection. Guinea pigs purchased from dealers show important 
individual variations their susceptibility this type allergy. 
Some fail develop it; others show only slight reaction for 
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days; others have intense reactions during period days more. 
indicated Text-fig. continuance the intracutaneous in- 
jections after the skin allergy has developed results desensitiza- 
tion, speak. The skin response longer demonstrable. 

the resistance the homologous pneumococcus titrated 
group guinea pigs rendered allergic this way, found that 
their susceptibility infection differs little not all from that 
normal controls. The same absence any measurable alteration 
resistance found the animals which have been injected but have 
failed develop skin allergy. Table illustrates such titration. 
have also found that the animals which have passed through the 
phase when skin allergy demonstrable and become desensitized are 
likewise neither more nor less resistant than normal controls in- 
fection with the homologous organism. 

The animals Groups and (Table received preparatory 
intracutaneous injections pneumococcus protein intervals 
days. After weeks was found that some animals had de- 
veloped skin allergy (Group and others had not (Group The 
resistance these two groups pneumococcus infection was then 
tested intraperitoneal injection the amounts shown. the 
same time normal controls (Group III) were injected with graded 
amounts. From the table seen that there very little evidence 
that the animals with skin allergy the pneumococcus protein had 
acquired increased resistance. Two these animals survived 
larger amounts culture than sufficed kill other animals. But 
since survivals this kind not infrequently occur normal animals 
injected with graded doses feel disposed attribute them more 
individual variations natural susceptibility than actively pro- 
duced immunity. From our results, however, the possibility that 
occasional animal acquired some immunity synchronously with 
the acquisition skin allergy cannot completely excluded. But 
such the case, very irregular occurrence and slight 
degree. 

While our results fail bring out any evidence favor the idea 
that allergy pneumococcus protein factor pneumococcus im- 
munity, there valid reason think that the same relation exists 
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between allergy and immunity other types infection. was 
stated the beginning this paper, there sufficient evidence 
convince most students tuberculosis that the mechanism re- 
sistance tubercle bacillus infection allergy plays significant and 
perhaps predominant And with other types infection 
allergy may may not immunologically important. Each type 
infection presents special case; and only experimental analysis, 
would seem, can determine whether allergy important unim- 
portant the immunity mechanism infection. generali- 
zation the basis results with the tubercle bacillus the pneumo- 
coccus justified. 


CONCLUSIONS. 


Intracutaneous injection guinea pigs with alkaline ex- 
tract pneumococcus produces about two-thirds the animals 
allergy with skin reaction similar the allergic skin response 
tuberculosis. 

Continuance the intracutaneous injections after the appear- 
ance allergy results its disappearance. The skin ceases react. 

Neither the animals manifesting skin allergy nor those which 
fail develop show any significant alteration susceptibility 
pneumococcus infection intraperitoneal inoculation. Similarly, 
animals desensitized continuing the intracutaneous injections 
after the appearance allergy show unaltered susceptibility. 


BIBLIOGRAPHY. 


Zinsser, H., Studies the tuberculin reaction and specific hypersensitive- 
ness bacterial infection, Exp. Med., 1921, xxxiv, 495. 

McJunkin, A., Tuberculin hypersensitiveness non-tuberculous guinea 
pigs induced injections bacillus-free filtrates, Exp. Med., 1921, 
xxxiii, 751. 

Petroff, A., Immunological studies tuberculosis, Am. Rev. Tuberc., 1923, 
vii, 412. 

Lange, B., Cutaneous hypersensitiveness tuberculin guinea pigs, 
Research, 1924, xliv, 293. 

Eberson, F., Studies tuberculosis immunity. Diagnostic and sensitizing 
properties some new derivatives tuberculin, Proc. Soc. Exp. Biol. and 
Med., 1923-24, xxi, 539. 


I | 
4 


GEORGE MACKENZIE AND SHUTAI WOO 


Mackenzie, M., The significance anaphylaxis pneumococcus immunity, 
Exp. Med., 1925, xli, 53. 


Rosenow, C., Pneumococcus anaphylaxis and immunity, Infect. Dis., 
1911, ix, 190. 


EXPLANATION PLATE 


Fic. Skin reaction produced the intracutaneous injection 0.02 cc. 


pneumococcus protein mg. per 100 cc.) days after the first series 
intracutaneous injections. 
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(Mackenzie and Woo: Cutaneous allergy and pneumococcus protein.) 
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STUDIES THE BACTERIOPHAGE D’HERELLE. 


Lytic PRINCIPLE VOLATILE? 
JACQUES BRONFENBRENNER, Pu.D., CHARLES KORB, M.D. 
(From the Laboratories The Rockefeller Institute for Medical Research.) 


(Received for publication, September 23, 1924.) 


The lack adequate direct evidence the nature the active 
principle causing transmissible lysis responsible for the existence 


numerous hypotheses attempting explain the mechanism the 
bacteriophage phenomenon. 


observed spontaneous transmissible lysis micrococci isolated from vaccine virus 
regarding which says: might almost considered acute infectious 
disease However, was who made the first systematic 
studies and elaborated this conception. ascribed the lytic function living, 
filterable, ultramicroscopic microorganism parasitizing and rapidly multiplying 
the expense actively growing bacteria. against this view, Bordet and 
Ciuca well Kabéshima early interposed conception that the lysis due 
autolytic changes bacteria themselves. Thus, according Bordet and 
transmissible lysis the result hereditary vitiation bacterial metabolism 
resulting autolysis cells affected. These authors have shown that this 
supposed vitiation may first caused appear normally growing bacteria 
such extraneous influences the action leucocytes upon normal bacteria when 
the latter are introduced into the peritoneal cavity normal guinea pigs. Using 
such agents distilled water protoplasmic poisons,‘ other investigators have 
induced similar changes bacterial cultures. According Kabéshima® the 
progressive autolysis due the activation normal proferment existing 
bacterial cells. The work Kuttner,’ and Hadley® strengthens this 
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that Hadley, who pointed out the close relationship between 
the various enzymotic activities bacterial cells and the process transmissible 
lysis. 

Bail® ascribes the progressive lysis the effect transmissible, degenerative 
changes the bacterial chromosomes, and believes due the extrusion 
from bacterial cells hormone.” addition the conditions already 
mentioned, which are capable inducing the appearance transmissible lysis, 
stresses the accumulation metabolic products the environment. 
Other authors record the influence the factor aging. Once the change 
appears, its products induce similar processes gradually increasing numbers 
susceptible bacteria, thus giving the impression growth ascribed bacterio- 
phage the vitalistic hypothesis d’Hérelle. 

Whatever the nature and the cause the initial appearance the active lytic 
principle culture, has been assumed the various authors cited that lysis 
bacteria essential and fact precedes any increase concentration the 
active principle the medium. However, Otto and have pointed out 
that this not necessarily the case, since the observations Doerr and 
well those indicate that the lytic titer culture may increase 
without any coincident lysis susceptible bacteria. These authors suggest that 
the lytic principle may the nature receptor which, though usually bound 
the cell, may under certain conditions set free into the environment, while the 
cell, depending upon circumstances, may may not undergo lysis. 

All the attempts explain the intimate mechanism the phenomenon 
transmissible lysis involve hypotheses for which direct evidence lacking. Re- 
cently, Olsen and seem have offered for the first time evidence which, 
confirmed, would speak incontestably against the animate nature the active 
principle lysis. 
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Subjecting hour lysed culture bacteria distillation 45-50°C. under 
reduced pressure, these authors claim have collected distillate capable 
propagating the lysis series. They state that the distillate slightly alkaline 
and gives reaction for ammonia. The active substance present the distillate 
forms fairly stable solution broth but easily redistilled from its watery 
solution even low temperatures. They conclude, therefore, that the called 
bacteriophage volatile chemical substance. 


attempting repeat the work Olsen and Yasaki closely 
followed the description the procedure given 


100 cc. hour lysed culture coli were placed side arm distilling 
flask and immersed water bath maintained The volatile products 
from this flask were received and condensed second similar side arm dis- 
tilling flask which, turn, was connected with vacuum pump through wash 
bottle containing cc. sterile broth, also imbedded ice and used for the pur- 


TABLE 
Lysate. Distillate. Contents of 
wash bottle. 
Volume after distillation........... 70.0 26.0 
Diluted with broth to............. 100.0 100.0 100.0 


pose retaining any products distillation which might have failed condense 
the second flask. the end distillation the contents each flask were 
brought the volume the original lysate subjected distillation (100 cc.) and 
titrated for lytic activity the method With slight variations 
this experiment was repeated several times, with both the whole lysed cultures and 
the filtrates the substratum for distillation. number experiments 
capillary air stream was allowed flow through the system; others the system 
was maintained under negative pressure from mm. mercury. The 
distillation time varied from hours and two experiments was continued 
complete dryness the lysate. The results all these experiments were essen- 
tially the same, varying only quantitatively. The findings given Table are 
expressed terms the minimal amount fluid capable causing lysis 
broth They represent the results experiment which was con- 
tinued for hours and yielded distillate with higher titer than that obtained 
any other this series experiments. 


R., Compt. rend. Soc. biol., 1921, 1098. 


can seen from the table, the distillate usually exhibited ap- 
preciable activity, whereas the contents the wash bottle were in- 
variably inactive the largest amount used titration. 

noted that spite the exposure prolonged heating 
45-50°C. and spite transfer some the active material 
the distillate, the titer the original lysate did not undergo sufficient 
change detected the tenfold dilution method Appelmans 
used for titration. 

view the statement Olsen and Yasaki that the active prin- 
ciple gives the reaction for ammonia, attempted increase the 
rate its volatilization rendering the lysate alkaline with NaOH 


TABLE II. 
CC. CC. ce. cc ce 
Original 100.0 0.0 0.0 25.0 
Volume after distilla- 

Diluted with broth 100.0 100.0 100.0 100.0 
Titer (by Applemans’ 


prior distillation, but failed obtain the desired results. The 
experiments, except cases which knew definitely that some 
the original lysate had grossly contaminated the contents the distilling 
flask through accident. 

Since the activity the distillate its highest was 100,000 times 
weaker than that the original filtrate and since the original titer 
the lysate was not measurably affected distillation, were in- 
clined suspect droplet infection the distillate rather than actual 
volatility the lytic agent. This possibility was considered also 
Olsen and Yasaki, only excluded the strength the observa- 
tion that trypaflavine added the lysate before distillation could 
not detected the distillate, which would not the case, the 
authors thought, the colored lysate were transported directly into 
the condensing flask. 
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our attempts exclude the possibility droplet infection 
distillate, again repeated the distillation experiments, modifying 
the procedure inserting trap between the flask containing the 


lysate and the condensing flask. first this trap consisted large 
glass tube inches diameter and inches long) which was placed 
with the inlet connected with the flask containing the 


Water 


lysate the bottom and the outlet connected with the condensing 
flask the upper end the tube. This trap was maintained 
50°C. not cause condensation volatile products rising from 
the conclusion the experiment this trap was washed 
with 100 cc. sterile broth and the washings were titrated along with 
the contents the condensing flask before. The results such 
experiment are given Table II. 

Even the simple trap used these experiments apparently retained 
the major part the active substance which, earlier experiments, 
was carried into the distillate. Since, however, some the lytic agent 
was still present the distillate, more efficient trap was set 
interposing series inverted funnels between the inlet and the out- 
let the trap. The complete set-up used shown Text-fig. 


TABLE III. 
yy Contents of Contents of Original 
CC. ce. ce. cc. 
Volume after dis- 
Diluted with broth 
50.0 50.0 50.0 50.0 


Titer (by Apple- 


Ladenburg distilling flask liter capacity (A) containing cc. lysate 
was placed water bath (B) kept and the side arm the flask was 
connected with inlet the bottom the trap (C). The latter comprised, 
addition the simple trap used previously, large glass tube inches) be- 
yond which were placed seven small inverted funnels The whole trap 
was kept temperature from 45-50°C. The outlet the top the trap was 
connected with condensing flask immersed ice The side arm the latter 
was connected with wash bottle (G) (imbedded ice) containing cc. broth. 
Between the condensing flask and the wash bottle well between the wash 
bottle and the vacuum pump there were placed bulb traps (F) intended prevent 
contamination between the flasks case the foaming broth. 


The results one these experiments are summed Table 
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This experiment was repeated ten times and, without single 
exception, both the distillate and the contents the wash bottle 
failed show lytic activity. 

Since the results these experiments were first there 
have come our attention several dealing with the same 
subject and similarly failing confirm the findings Olsen and Ya- 
saki. However, quite recently Olsen and Yasaki have reaffirmed their 
original the basis further experiments. 


CONCLUSION. 


The lytic principle concerned the phenomenon transmissible 
lysis not volatile. results which have been taken indicate 
volatility are, our opinion, attributed the transfer the 
distillate minute droplets the original active filtrate. 


The experiments described above were conducted during October and 
ember, 1923, and preliminary report results was made meeting the 
Society for Experimental Biology and Medicine (Bronfenbrenner, J., and Korb, 
C., Proc. Soc. Exp. Biol. and Med., 1923-24, xxi, 

Doerr, R., and Rose, G., Schweiz. med. Woch., 1924, liv,10. Meissner, G., 
Centr. Bakt., Abt., Orig., 1924, xcii, 424. Gildemeister, E., and Herzberg, K., 
Klin. Woch., 1924, iii, 186. d’Hérelle, F., Compt. rend. Soc. biol., 1924, xc, 27. 
Borchardt, W., Klin. Woch., 1924, iii, 278. W., Med. Klin., 1924, xx, 184. 

O., and Yasaki, Y., Hyg. Infectionskrankh., 1924, cii, 540; Klin. 
Woch., 1924, iii, 278. 
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NEW-BORN CALVES. 
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(From the Department Animal Pathology The Rockefeller Institute for 
Medical Research, Princeton, J.) 
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young calves the freshly removed intestines animals killed within 
the week life were subjected microscopic examination. 
condition the epithelium the small intestine was noted which 
the writer has failed thus far discover any references medical 
literature. The condition brief the presence the epithelium 
spherical, homogeneous, colorless bodies very feeble refringence, 
had undergone fatty metamorphosis, but was soon established that 
the substance the spheres was not true fat. The second suggestion 
was that was great overproduction mucin through con- 
version all epithelial cells into goblet cells but this suggestion also 
had abandoned. was evident that the spheres were something 
considered abnormal and studies were accordingly made their 
occurrence among all calves coming autopsy, their distribution 
the small intestines, and their behavior the presence various 
reagents. 

Owing the rapid shedding and disintegration the epithelium 
the intestinal mucosa after natural death, there were available only 
animals killed, those examined immediately after natural death. 
The material this character comprised animals, distributed 
according ages follows: 
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Age calves. Total No. examined. Hydropic epithelium present 


days 


Among the first group were several full grown fetuses either born 
dead asphyxiated birth and some living only several hours. 
The hyaline spheres the epithelium thus occurred per cent 
the calves day old, per cent those days old, and 
per cent those days old. the eighteen calves over days old 
none was seen although some these were sick when killed. The 
upper age limit for the occurrence this condition was days. The 
lower limit time less definitely ascertainable. 
cases were observed calves few hours old which had not taken 
food. the other hand, cases the same age were found with little 
epithelial involvement. therefore not condition due 
food intake, nor condition belonging normally the first days 
life. 

Examination fetuses which were expelled the 7th 8th month 
has not given entirely satisfactory data since fair proportion these 
had been dead for some indefinite time before expulsion and the 
epithelium therefore more less detached and disintegrated. The 
meager material, however, furnished evidence the effect that the 
epithelial changes begin take place intrauterine life and not 
appear result abnormal conditions during parturition. 
should, however, stated that the most pronounced state occurs 
during the day far material the present ade- 
quate for decision. may, therefore, conclude that the spheres 
the intestinal epithelium begin appear distinctly during the 
late fetal life, are most pronounced definiteness form and abun- 
dance during the first hours, then begin disappear such rate 
that few remain the end the 3rd day. 
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Distribution the Small determine roughly the dis- 
tribution the affected epithelium the small intestine, about feet 
long, was divided into lengths feet each. portion 
each segment was examined. ‘There were all five six levels ob- 
tained this way. Minute bits the surface were snipped off with 
pair fine scissors and examined directly their own fluid, 
normal salt solution Ringer’s fluid. The changed ‘epithelium when 
present all was found the lower small intestine. some cases 
was present only the 5th segment; both 5th and 6th 
segments. When more extensive the segment proximad the 5th 
was involved. few cases extended well into the duodenum. 
general the spheres were largest that part most frequently in- 
volved. The intensity involvement varied less than the extent. 
Most frequently all the villi given region and all cells the villus 
contained spheres. The villus becomes broadened, extended, and 
creased transversely, suggesting times the appearance tapeworm 
(Fig. 3). bits mucosa, snipped off, the entire field filled with 
the spheres, the epithelium and core the villus are entirely concealed; 
more rarely only the tips the villi are mucous mem- 
brane the affected segments thicker than when normal. has 
velvety texture and decided gloss and usually covered with 
thin layer material suggesting somewhat thinned, fresh yolk 
eggs, both color and consistency. This material contains large 
numbers spheres, either free within remnants epithelial cells. 
After some experience the condition may diagnosed with the naked 
eye. 

The spheres vary size from (Fig. 6). most cases the 
large ones are present. When small ones predominate, each cell con- 
tains variable number, crowded together. cell usually contains 
but one large sphere. When two are present they are ranged the 
long diameter the cell. Usually the spheres are located between 
nucleus and top plate, but occasionally the former may pressed 
against the latter the underlying sphere. When villi are placed 
under cover-slip the spheres may become detached and float away, 
showing under these circumstances slight changes outline, 
sacs filled with fluid. Sometimes remnants the containing cell 
are attached the free vesicles. 


* 
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The refringence much below that fat. They stain neither 
osmic acid vapor when fresh, nor Scharlach after fixation 
formalin. They are readily distinguished from mucin which appears 
fresh material within epithelial cells the form ovoid masses 
fine granules. The goblet cells occur regularly spaced among the 
spheres and are readily differentiated fresh material under high 
powers. material fixed Zenker’s fluid and alcohol, mucicar- 
mine readily differentiates the contents the goblet cells but fails 


must very early stage since has recognizable characters 


common with mucin. 


When the affected mucous membrane gently washed normal 
salt solution, preserves the gross and microscopic appearances. 
When, however, washed distilled tap water the membrane 
undergoes change. becomes less velvety the touch, duller 
appearance, and the villi appear more distinct. These changes 
are due the fact that the spheres disappear proportion the 
length exposure water. When observed contact with water 
under cover-glass they first become dull, lose their slight refring- 
ence, and gradually fade out sight. The same results are obtained 
very weak acetic acid, per cent, added bits mucosa. 
The spheres disappear immediately. The epithelium becomes sharply 
outlined where was entirely obscured the spheres. Dilute so- 
dium hydroxide also causes the spheres disappear 
tions fresh mucosa placed promptly, unopened, the fixing fluid 
give some additional information. Results were the same whether 
Zenker’s fluid formalin preceded alcohol hardening. Hematoxy- 
lin and eosin, eosin and methylene blue, Weigert’s fibrin stain 
yielded the same picture. Hence the same apply all. 
such sections the substance contained the vacuoles varied 
appearance from case case. The epithelium one case may 
simply vacuolated. another faint tint the contained precip- 
itate noticeable. the most pronounced cases, towards the 
bases the villi, there appeared roundish solid bodies the vacuoles, 
well stained methylene blue and hematoxylin (Fig. 4). These 
bodies varied size, outline, and distribution (Fig. 7). several 
pronounced cases finely granular substance, evidently coagulated 
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the fixing process, appeared the lumen between and near the 
tips the villi apparently fusion the discharged contents 
many epithelial cells. The resulting mass was very feebly stained, 
just enough make visible. 


DISCUSSION. 


The observations made upon the fresh mucosa the small intestine 
indicate sectional division labor. The upper one-third one- 
half carries the absorption fat, the rest the absorption pro- 
tein constituents. The digestive juices diminish activity from 
downward evidenced the digestion the epithelial 
covering the villi the duodenum after death which gradually 
diminishes intensity and disappears towards the ileum. The in- 
testinal bacteria are more numerous the ileum and Bacillus coli 
multiplies there first and ascends degrees the higher 
ably the enormous Peyer’s patch found the ileum the young calf, 
which extends from the ileocecal valve feet upward, may 
early protective device this portion the bowel which gradually 
disappears the animal approaches maturity. The dropsical epi- 
thelium most frequently and most intensively present the 5th 
segment, next the lowest and 4th. some cases extends 
far the ist duodenal segment. Evidently the lowest third 
the small intestine not well endowed with factors safety 
the higher levels. this lowest region which the mesenteric 
lymph nodes the calf are most frequently involved tubercu- 
losis. are certain anatomical characters the mesentery which 
may explain some the facts observed. The lower two-thirds the 
small intestine the bovine species suspended apron the 
mesentery about twice wide that suspending the upper third. 
Thus the maximum distance from the attachment the mesentery 
this portion the bowel the calf not over week old inches, 
that the upper third inches. 

The edema the epithelium the lower levels the small in- 
testine paralleled peculiar condition the upper levels due 
what may called fat stasis. mild cases the lacteals the 
serosa are all prominent and the central lymph sinus the villi mark- 


T., and Orcutt, L., Exp. Med., 1925, xli, 89. 
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edly distended finely granular mass fat. This distension 
also seen sections fixed tissue. The significance this mild 
stasis made clear certain fatal cases scours. The mucosa 
the upper small intestine after gentle washing appears like very 
fine brush. The individual hairs the brush are represented the 
erect and extended villi made rigid the distended lymph sinus 
are stripped the epithelium following natural death 
and only the coreis present. After death the contained fat longer 
finely granular but run together larger and smaller spheres. 

Quite different from the fat stasis fatty infiltration degenera- 
tion the intestinal epithelium most frequently the tips the 
villi occurring diffusely patches the lower levels. this con- 
dition the fat present droplets more microns diameter. 
usually occurs calves after the 3rd day and probably the result 
temporary multiplication Bacillus coli. This condition 
distinguishable from the edema the epithelium its late appear- 
ance and the high refringence and fat-stainable character the en- 
closed substance. 

From the facts gathered the nature and origin the peculiar dropsi- 
cal condition the intestinal epithelium may tentatively pieced 
together. The late intrauterine formation vacuolated epithe- 
lium has been referred (Fig. 1). During the first hours life the 
ingestion large amounts protein (globulin, albumin, etc.) the 
colostrum tends emphasize the vacuolation through absorption. 
The detachable vesicles spheres are thus produced. Through the 
action the intestinal ferments the vesicles are discharged, perhaps 
digested, and the membrane restored normal condition after the 
3rd day. origin the vacuolation intrauterine life probably 
due circulatory disturbances requiring special study. 

The assumption that the vesicles contain coagulable protein not 
easily proved, account the presence colostrum. When the 
contents the lower small intestine are gently expressed and filtered 
the filtrate may contain enough coagulable protein become solid 
boiling. ‘This all appearances represents part redundant, 
unabsorbed, undigested colostral protein, part the vesicular contents 
the epithelium. 

The occurrence the dropsical epithelium has not been traced 
any condition the dam. has been encountered since 1917 
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various breeds cows first, second, and third pregnancies and 
various seasons. cannot considered normal, transitory state 
since not regularly present. not necessarily associated with 
Bacillus abortus. For the time being may regarded some de- 
fect like the petechial hemorrhages frequently occurring the rumen, 
the fourth stomach, the heart valves,? and the sphincters the new- 
born calf, which may times prove advantage infectious bac- 
teria as, for example, when hemorrhages occur the rumen and are 
promptly parasitized staphylococci and other The 
occurrence dropsical epithelium cannot directly associated with 
the diarrhea young calves, for scours occurs both with and without 
may regarded both vacuolar and hydropic degenera- 
tion, defined The process not initiated 
inflammation nor does apparently end destruction the cell. 
evidently transitory condition the term degeneration may not 
well chosen. 


CONCLUSIONS. 


There occurs the small intestines large percentage calves 
and including the 3rd day hydropic condition the epithelium. 
This manifests itself the form large vacuole vesicle usually 
under the top plate the epithelial More rarely number 
smaller vesiclesor vacuoles These may break away from the 
cell and float free when bits the fresh mucosa are gently compressed 
under cover-glass. The vesicles probably contain coagulable pro- 
tein. This condition has its origin late intrauterine life. in- 
volves the lowest third the small intestine and extends upwards 
far the duodenum some cases. not necessary forerunner 
the early diarrhea scours. Its relation this disease not de- 
fined. may may not accompanied fat stasis the upper 
third the small intestine. Frequently associated with coagu- 
lable protein the contents the ileum. 


Florence, L., Am. Child., 1922, xxiii, 132. 

Unpublished observations. 

L., and Marchand, F., Handbuch der allgemeinen Pathologie, Leipsic, 
1915, iii, pt. 362. 

Copp, F., and Barclay, J., Metabol. Research, 1923, iv, 445. 
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EXPLANATION PLATES. 
PLATE 


Fic. Small intestine aborted, month fetus (twin) found dead 
pasture with partial inflation lungs. Tissue fixed Zenker’s fluid and alcohol. 
Stained with eosin-methylene blue. 76. Note the universally vacuolated 
appearance the epithelium the villi. 

Fic. Small intestine calf, dead when days old. Intestine removed 
immediately after death. Several denuded villi are shown from the fresh, 
stained mucosa, with lymph sinus distended with fat. The villi stood under 
water like minute bristles coat hair, due elongation and distension 
the lymph sinus. 120. 

Fics. From Holstein heifer, weighing pounds, killed when about 
hours old and normally active. Stomachs contain about 2,600 cc. colostral 
milk. Mucosa the small intestine feels velvety. Microscopic examination 
shows extensive involvement the epithelium the entire lower half with 
partial slight edema far the duodenum. Bacteria lowest segment 
chiefly Gram-positive; not suggestive beginning scours. Contents the 
ileum coagulate into solid mass when boiled even after dilution 1:6. 

Fig. reproduces the appearance the affected villi, fresh, soon after the animal 
was killed. The roundish masses are contained each epithelial cell. 75. 

Fig. represents section the intestine fixed unopened Zenker’s fluid. 
The black dots are solidly stained spheres concretions within the epithelial 
cells frequently found these cases. Eosin and methylene blue. 73. 
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Section from the same case fixed and stained above, showing normal 
and dropsical villus side side. both the top plate intact. 1,000. 

Fic. Fresh tissue from red and white, full term heifer calf, hours old 
when killed. Weight pounds. Fourth stomach well filled with colostral 
milk. Slight congestion intestinal mucosa but evidence from films that 
multiplying. Urine from bladder contains 0.3 per cent protein (Esbach). 
Microscopic examination fresh material shows the presence dropsical epi- 
thelium throughout small intestine, most extensive lower segments, but ex- 
tending far the duodenal level the form patches. Only few the 
large spheres are 1,000. 


PLATE 


Fic. For brief antemortem history this case see Smith and 
page 94. The entire small intestine this case was involved the hydropic 
change. villi longitudinal section, one with dropsical epithelium. 
some the affected cells are large concretions staining purplish eosin and 
methylene blue. group coli seen the left and above the center 
the field. See also Fig. the accompanying paper Smith and Orcuit.! 
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THE BACTERIOLOGY THE INTESTINAL TRACT 
YOUNG CALVES WITH SPECIAL REFERENCE 
THE EARLY DIARRHEA 


THEOBALD SMITH, M.D., anp MARION ORCUTT. 


(From the Department Animal Pathology The Rockefeller Institute for 
Medical Research, Princeton, J.) 


PLATE 
(Received for publication, October 31, 1924.) 


The studies described the following pages were made ob- 
tain some information concerning the common occurrence diarrhea 
cholera very young calves which frequently terminates death 
during the 1st week life. This disease, known scours, 
diarrhée des prevails wherever calves are raised. has been 
the subject extensive investigations. Inasmuch the scope and 
course the present work somewhat different from that preced- 
ing investigations, consideration existing published work will 
taken later. 


The results obtained recently experiments with colostrum have 
way shaped the trend present studies. Hence brief restate- 
ment these results will 


was shown that new-born calves fed milk place colostrum with few 
exceptions succumbed within few days generalized infection with 
Cultures from spleen, liver, kidneys, and joints from animals killed during the 
disease and immediately autopsied showed abundance this organism. 
More rarely other intestinal forms such enterococci and spore-bearing anae- 
robes were found such cultures. Among the calves which received colostrum 
there were few that became manifestly ill, probably result receiving not 


*In study the intestinal bacteria, the senior author was assisted, 1917, 
Smillie, 1918-20, Marian Taylor. Assistance the clinical 
observation the animals was given throughout Little. 

T., and Little, B., Exp. Med., 1922, xxxvi, 181. 

T., and Little, B., Exp. Med., 1922, xxxvi, 453. 

T., and Little, B., Exp. Med., 1923, xxxvii, 671. 
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enough colostrum. These partly recovered and developed the 2nd week 
swellings one more joints, chiefly the tarsal. When such animals were killed 
and cultured the organs and joints were found contain small number 
bacteria, chiefly coli. These were evidently held check and gradually de- 
stroyed the partial immunity furnished the colostrum. This latent 
partly suppressed microbism was also responsible for peculiar nephritis leading 
the well known spotted kidney.‘ The tissues and organs calves sufficiently 
protected colostrum cow serum were found sterile even when large bits 
tissue were transferred culture media. The liver proved occasional 
exception this rule. few colonies coli developed around the bit 
tissue. The close relation between the liver and the digestive tract through the 
portal circulation serves account for this occasional escape coli. 

spite the protection against invasion afforded colostrum, the digestive 
tract frequently fails show similar resistance and after the 1st 2nd day 
liquid discharges begin which may cease after few days, become chronic, 
grow severity until the calf succumbs, usually within the ist 2nd week. 


not within the scope this article consider the various 
clinical manifestations this early choleriform disease. The pres- 
ent study was directed chiefly towards the bacteriological picture 
develops during the first days life. The material studied con- 
sisted five groups calves, all from the same large herd: (a) early 
normal group killed within hours birth; group about 
days old evidently early stage scours but yet without defi- 
nite symptoms; (c) calves having diarrhea and symptoms toxemia; 
(d) calves examined immediately after natural death from scours 
within hours after the bodies had been chilled with stream cold 
water and refrigerated; normal calves more weeks 
age. 


Although calves which died scours were drawn into the investigation, em- 
phasis was placed those killed and promptly examined. The method regu- 
larly followed was stun the calf with blow and then bleed death sever- 
ing the large vessels the neck. The calf was then tied out and the skin re- 
flected from the ventral surface. The abdomen was next opened and the stom- 
achs ligated and removed. The intestines were then rapidly cut from the 
mesenteries and inch portions feet apart, beginning with the duodenum, 
removed and examined immediately placed refrigerator for more 
hours. The serous surface such segments was seared, the wall incised, and 
introduced remove material for microscopic examination, plating, etc. 


W., and Krupski, A., Schweis. Arch. Tierheilk., 1923, 
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some cases small amount bouillon was introduced make suspension 
the contents. Five six segments were removed this way for study. The 
cecum was tied off and reserved. Contents the fourth stomach were obtained 
ligating the pyloric portion. The condition the mucosa the different 
levels the small intestine was ascertained snipping off minute bits which 
brought away small number villi and examining these fresh. The presence 


bacteria determined this examination was confirmed dried films 


tents and scrapings stained according Gram. the same time plain and 
blood agar plate cultures were made with contents scrapings the five 


six different levels the small intestine, and with contents the fourth stomach 
and the cecum. 


impossible predict within the first hours what the 
subsequent course calf normal when killed would have been. 
the 3rd day, however, prognosis more likely correct. After 
the 3rd day certain changes havetakenplace. Thecolostrum 
way the ordinary milk diet. reducing substance present the 
urine birth has disappeared. peculiar epithelium 
the lower small intestine found many cases during the first days 
not seen Finally, the urine now free from protein, 
all but traces it, provided nephritis due Bacillus coli not 
under way. 

and petechial hemorrhages almost regularly present 
the mucosa the fourth stomach birth, and presumably due 
mechanical causes during parturition, may play part the decline 
the calf. rare cases they are very numerous and when the 
bleeding persists for several days, the drain upon the calf’s vitality 
sufficient when combined with scours kill the animal. 

Omphalitis following infection the umbilical stump with progres- 
sion the inflammation along the umbilical vein into the liver has 
been very rare the cases studied well the calves kept alive 
for longer periods. There has therefore been little complicate the 
intestinal disease. 

The invasion the digestive tract bacteria after birth has been 
the subject number papers the past. has been possible 
this investigation examine the intestinal tract different hours 
after birth calves prematurely born and without food the stom- 


T., Exp. Med., 1925, xli, 81. 
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achs. general the invasion the mouth rather than per rectum. 
Bacteria penetrate far the cecum within hours calves not 
suckling. this point the meconium favorable toarapid 
diffusion bacteria; below this consistent and much drier. Cul- 
tures made from various segments the digestive tract premature 
but living calves infected with Bacillus abortus have contained miscel- 
laneous bacteria until the rectum was reached. contents this 
point still yielded pure cultures Bacillus abortus. 

Group upon young calves when free from symptoms 
scours diarrhea have been gathered from cases killed from time 
time since meat such animals was used for the prepara- 
tion culture media. The results were quite uniform and indicated 
fairly stable flora. Although number different species may suc- 
ceed reaching the small intestine, they are not evidence because 
few numbers unless special methods are used reveal them. 
The bacteria that are significant are those that are capable multi- 
plying and appearing sufficient numbers detected fresh and 
stained films. ‘Two species occupy the field the normal calf, the 
fourth stomach, Bacillus acidophilus and Gram-positive cocci, which 
will called enterococci. The same species are found the different 
levels the small intestine until the cecum reached. the ileum 
Bacillus coli appears small numbers plates, rarely abundant 
enough recognized films. may isolated incubating 
bouillon one more loopfuls scrapings contents overnight and 
plating next day. 

general the bacterial content the fourth stomach, aside from 
Bacillus acidophilus, more varied than that the small intestine, 
probably because depends the condition the ingested food. 
the duodenum may higher than the next lower levels where 
falls toa minimum. gradually increases again towards the ileo- 
cecal valve. approximate figures are available because the stage 
intestinal digestion, or, other words, the particular level where 
the chyme happens when the animal killed, governs the num- 
ber. The chyme carries with living and dead bacteria whereas the 
empty intestine relatively sterile. Bacteria when present are usually 
found small groups colonies, multiplying where opportunity 
presents. some cases loopful contents the ileum transferred 
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agar failed produce any growth. others few colonies 
Bacillus coli appeared. Among the many cases more less carefully 
studied the following may cited. 


No. heifer calf, weighing pounds when day old. Killed 
this time. Stomachs rather large. They contain about 2,600 cc. milky 
fluid which are both yellowish and white curds. the small intestine 
the mucosa feels velvety. epithelium extensive lower half and 
partially slightly cephalad, and well into duodenum. Mucosa large intes- 
tine normal. Contents, yellowish, pasty, rather doughy masses. 

films from six different levels the small intestine the predominating forms 
are Gram-positive rods and cocci. the three lowest segments few forms 
resembling coli are present. the cecum both Gram-positive and negative 
forms are present, the former most numerous. Plate cultures contained few 
colonies coli all levels, with slight increase the three last segments. 

Cultures containing bits tissue from spleen and kidneys remained sterile. 
the liver tube growth appears only around the tissue, made coli. 

No. female. days, hours old. Weight pounds. 
Has not scoured since birth. Killed and autopsied. abnormalities found. 
The urine taken from the bladder slightly alkaline, free from proteins, and 
containing some reducing substance. The calf had received milk hours 
before was killed. The rumen contained about 500 cc., the fourth stomach 
1,600 cc. milky fluid with curds. The bacteriological examination showed 
about 10,000 Gram-negative rods, like coli, about 7,000 enterococci, and 200 
acidophilus colonies per cc. stomach contents. 

The duodenum contained large numbers enterococci, moderate number 
acidophilus, and few coli. The 2nd segment (10 feet lower down) showed 
films some enterococci and acidophilus and some Gram-negative rods. 
the 3rd segment, enterococci and acidophilus scarce films; plates, entero- 
cocci are numerous, Gram-negative rods few. the 4th segment, enterococci 
and acidophilus increased the films; plates, enterococci numerous, Gram- 
negative rods few. the 5th segment (ileum), films show very few bacteria. 
plates, colonies also not numerous. They are chiefly coli. 
both films and plates show large numbers bacteria the types found the 
small intestine and some spore formers. 


Group certain number calves during the 2nd day when 
normal conditions still prevail, coli may found fairly 
large numbers the ileum, and certain cases one more seg- 
ments higher up. 


No. calf when days old began scour but still appeared 
normal and took its food. was killed thistime. urine from the bladder 
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wasnormal. made its appearance the 4th segment the small intestine 
and was abundant the 5th and 6th (ileum) and the cecum. 

No. 1032.—Holstein bull calf, fed colostrum from bottle until day old. 
Killed when days old. the lowest levels the small intestine there some 
epithelium. Bacteria are present, both Gram-negative and posi- 
tive, small numbers only. Cultures were made from contents the lowest 
three levels the small intestine. There are very few bacteria present except 
the lowest segment (ileum). The contents here contain about 9,000 coli 
per loopful. Spleen, liver, and kidneys sterile. 


Group c.—When the feces had become fluid the multiplication 
Bacillus coli the lower segments the small intestine 
nounced all animals examined. following cases, one from the 
1917 group, the rest from the 1923 and 1924 groups, illustrate this 
change from the normal flora. All animals and the digestive 
tract examined soon could removed from the body. 


No. calf, born Nov. 2.30 p.m. next day, the 
calf was found attendant unable stand and diarrhea starting. Killed 
10.30 a.m.; when hours old. Before death, liquid, yellowish feces passing 
from rectum. Fourth stomach more less distended with colostral milk. 
Mucosa covered with delicate lacework mucus. Contents contain acido- 
and enterococci, also cocci chains. Contents small intestine yellow- 
ish. the lowest segments distinct odor decomposition noticed. the 
upper third, the villi are slightly club-shaped and the central lymph sinus dis- 
tended with fat. The epithelium the mucosa from the duodenum down 
hydropic. the upper segments, the fluid small drops diameter. 
These grow larger downwards and the lowest third they vary from 
Bacilli the type coli increase from above downward and are present 
large masses the lowest third (Fig. 1). 

No. 1084.—Born Dec. 11, a.m., killed Dec. 13, 9.25 a.m., hence days old 
when killed. The calf began scour when about hours old. became 
weak and unable stand within hours. Stools continued fluid until the calf 
was killed. 

The autopsy showed that the umbilical cord had been broken off close the 
body, leaving moist scab over the wound. The fourth stomach contains about 
800 cc. milky fluid which are curdy masses stained pinkish. The mucosa 
covered with thick, viscid, closely adherent layer, having the consistency 
and character mucus. Many petechial hemorrhages the mucosa under 
this layer. The small intestine congested irregularly spots and the con- 
gestion tends become more pronounced downwards. the large intestine 
the congestion longitudinal lines, occupying the summits small folds 
ridges. The rectal mucosa uniformly congested. Nothing noteworthy con- 
cerning the gross appearance the remaining viscera. 
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There were examined films from contents the fourth stomach, from six dif- 
ferent levels the small intestine, and from the cecum. the stomach con- 
tents are Gram-positive rods and cocci and few Gram-negative rods. the 
duodenum are many Gram-positive rods and cocci and few Gram-negative 
rods. From the 2nd the 5th segments, the Gram-negative rods gradually 
increase numbers while the others are present small numbers. the 
ileum all three kinds are increased, especially the Gram-negative forms. 
the cecum all three types are numerous. Plate cultures show large increase 
coli from the 2nd segment and including the ileum. 

No. 1097.—Small Guernsey bull calf, weighing pounds. Killed when 
days old. Calf was with dam about hours. was normal condition 
until hours old. had probably begun scour during the night and was 
found very weak this time. The feces were fluid, Eyes sunken. 
Temperature 38.9°C. was evidently going die during the coming 
night, was killed and autopsied. 

The fourth stomach contains only little milky fluid and some curds. The 
small intestine congested lines, bands, and patches throughout. The 
large intestine similarly congested. The central one-half the liver lobule 
contains much orange pigment fine granules and the entire lobule more 
less fat. The medulla kidneys deeply congested. The acidified and boiled 
urine from the bladder contains about 1/20 column coagulable protein (0.05 
per cent Esbach). 

Bacteria scarce the upper segments the small intestine. Below the mid- 
dle coli very abundant and forming film rods over the villi. the ileum 


approximately billion bacteria per cc. turbid suspension contents 
bouillon. 


the following case, there evidence from the protein output 
the urine that the calf obtained large amount colostrum without 
resisting Bacillus coli invasion the small intestine. 


No. 1069.—Guernsey bull, born Oct. 14. Developed scours next day. 
the 2nd day, was brought the Department nearly dead and killed. The 
rumen and fourth stomach contained yellowish milk-like fluid and some partly 
digested curds. Mucosa small intestine congested throughout. yellowish 
material resembling yolk eggs contained loops different levels. Bacteria 
resembling coli very abundant the lower four-sixths. They form thin films 
skins over the villi. the lower half there also much epithe- 
lium. The large intestine deeply congested throughout. The congested 
areas partly hemorrhagic. Medulla kidneys deeply congested. Urine taken 
from bladder (45 minutes after killing the animal) becomes solid when 
acidified and boiled. After diluting with three volumes normal salt solution, the 
Esbach precipitate still registers 0.85 per cent protein. Cultures containing 
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bits kidney and spleen remain sterile. similar culture the liver develops 
several colonies coli. 

No. 1071.—Calf born Oct. 23, killed Oct. 25, between and days 
dences diarrhea the 2nd day life. Temperature 39.2°C. Weight 
pounds. The fourth stomach contained about 500 cc. yellowish, milky 
fluid plus rather soft, yellow curds, diameter. The mucosa covered 
with thin layer mucus. Minute faded beneath it. the upper 
two-fifths the small intestine little fluid. Mucosa stippled whitish. 
Lacteals under serosa appear white lines. The large intestine contains much 
opaque fluid, stained yellow. Mucosa normal, except for near 
anus. The filtered fluid obtained from contents colon contains coagulable 
protein (about per cent column after acidifying, filtering, and boiling). 
Moderate congestion medulla kidneys. Urine taken from bladder contains 
0.18 per cent protein (Esbach). Bits spleen and kidney cultures remain 
sterile. agar slant plus bit liver tissue develops three colonies coli. 

Microscopic and bacteriological examinations the small intestine and cecum 
show steady increase coli from the duodenum down. From the middle 
the small intestine on, coli appears large numbers films, covering villi 
with continuous layer rods. coli colonies are very numerous the plates; 
the Gram-positive forms, most abundant the fourth stomach, diminish down- 
wards. the cecum, coli predominates. 

No. bull calf, born Oct. Killed Oct. 29, hours old. 
case resembles No. began the day before was killed. The 
stomachs are well filled with milk and curds, both white and yellowish. The 
mucosa covered with thick layer translucent mucus. Slight and increasing 
congestion mucosa small intestine from above downward. Medulla 
kidneys dark red. Urine taken from bladder heavily loaded with coagulable 
protein (Esbach 0.2 per cent). this case, coli was abundant the ileum 
and less the segment above. Numerous colonies coli developed 
from plates cecal contents. 

No. 1073.—Beiween and days old when killed. Scouring began during 
the 1st day and the attendant gave formaldehyde the the 2nd 
day the animal was very weak, unable stand. was then brought the 
Department and killed. The fourth stomach contains colostral milk 
The mucosa covered with thick layer mucus. small intestine contains 
Congestion mucosa slight. The medulla kidneys deeply congested. 
Urine taken from the bladder heavily loaded with coagulable protein. Urine 
diluted with two volumes normal salt solution gives Esbach precipitate 
0.4 per cent. 

this case coli was abundant throughout the small intestine but especially 
the ileum. Two types colonies were present, opaque and thinner, 
partly translucent type. The former greatly predominated. 

Although the autopsy indicated that the calf had never suckled, the sterility 
spleen, liver, and kidneys, and the proteinuria are opposed this inference. 
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No. calf was just days old when killed. Scouring began when 
the calf was When days old was still very sick and not supposed 
survive. The fourth stomach shows superficial erosions following the early 
The small intestine moderately congested, similarly the kidneys. 
Urine from the bladder contains considerable protein (Esbach 0.2 per cent). 
Cultures and films from the fourth stomach and different levels the small 
intestine show fair number Gram-positive rods the fourth stomach and 
duodenum, while the segment below the latter practically sterile. The three 
remaining segments contain, besides number Gram-positive rods and 
cocci, increasing number coli. The spleen, liver, and kidneys were 
sterile. 

No. killed when nearly days old. Early history not definitely 
known. The attendant stated that scouring began the 3rd stom- 
achs contained all about 1,350 cc. milky fluid and curds, both yellow and 
white. The mucous membrane the fourth stomach covered with layer 
tenacious mucus. The small and large intestines congested streaks. The 
contents are fluid and yellowish color. Kidneys slightly congested. Urine 
from the bladder contains considerable coagulable protein (Esbach 0.15 per cent). 

the small intestine, coli appears considerable numbers the 3rd seg- 
ment and grows more abundant the 4th and 5th segments (ileum). Similarly 
the contents cecum contain many coli. The tube containing bit liver 
tissue contains and kidney cultures sterile. 

No. 1089.—A large Holstein bull calf began scour when day old. The 
attendant treated with formaldehyde. was still with the dam when days 
old. Temperature 40.1°C. Taken the Department and killed this time. 
Attached the caudal margin the left lobe liver cyst with 
very thin, transparent walls. element the cyst about hen’s egg 
size and distended with thin, blood-tinted fluid, which ali amounted about 
500 cc. There slight, patchy and streaked congestion the lower half 
the small intestine and rectum. Both stomachs well filled with milk and 
about liters all. 

this case few coli were the 3rd segment the small intestine. They 
were more numerous the 4th and 5th and very abundant the 6th (ileum). 


Calves killed the course scours after the 3rd day present the 
same intestinal flora those killed when days old. 


No. 1078.—Bull calf, weighing pounds, killed when days old. was 
kept with the dam for about hours and then transferred Department 
unit and fed ordinary milk. days age, the calf appeared normal 
its digestive functions, then its temperature rose slightly above normal and 
partly refused food. the 5th became fluid. The calf became very 
weak and was killed. The autopsy shows congestion the mucosa stomach, 
small and large intestines, especially the last named. Urine taken from the blad- 
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der contains only trace protein. coli invasion was marked the ileum 
and adjoining (4th) segment. Otherwise Gram-positive rods abundant through- 
out. Cultures from spleen, liver, and kidneys sterile. 

No. 1075.—Twin calf killed when days old. Both twins began scour 
the 2nd day. One died when days old. this animal there was irregular, 
increasing congestion the small intestine downward. The large intestine was 
similarly congested. The urine taken from bladder contained small amount 
coagulable protein. Gram-positive rods and cocci are present relatively 
large numbers the upper portion the small intestine and diminish down- 
wards. coli type, present small numbers the duodenal level, increase 
steadily towards the cecum, where they are quite numerous. The spleen, liver, 
and kidney cultures remained sterile. 


Group d.—Calves dying scours, when promptly chilled and re- 
frigerated, the organs cannot removed immediately, show the 
same conditions those killed. The small intestines are flooded 
with Bacillus coli, part only the result postmortem multiplica- 
tion, had been noted from observations calves killed moribund 
examined immediately after natural death that the multiplication 
probably goes very rapid pace the hours before death. 


No. heifer calf, weighing pounds. Born Feb.20, noon, died 
Feb. 24, 9.40 a.m. This calf remained with the dam, taking colostrum for 
hours. Thereafter was segregated and fed freshly drawn cow’s milk, first 
from the bottle. sample urine collected hours after birth contained about 
0.15 per cent protein (Esbach). Diarrhea set when the calf was hours 
old. Signs weakness came hours later. The feces were fluid and yel- 
lowish greenish color. the 3rd day the calf was somewhat stronger, 
able stand and move about the stall. The feces were soft, yellowish. 
Temperature 39.6°C. very rapid. the 4th day early the calf 
was very weak and refused take milk. minutes later was found dead. 
was immediately cooled off with stream water and placed refrigerator 
slightly above 0°C. 

The autopsy was made after hours. The fourth stomach contains about 
500 cc. thick, milk-soup-like fluid with few small lumps casein. Mucosa 
overlaid with translucent, mucoid film, easily rubbed off. Beneath, the mucosa 
congested. the pyloric valve ulcer mm. diameter. Small 
intestine congested throughout streaks and patches. patches, slightly 
swollen, dark red. Mucosa covered with thin, creamy, pinkish film des- 
quamated epithelium. Microscopic examination scrapings mucosa 
different levels indicates fatty degeneration epithelium, usually patches, 
increasing extent downwards. The contained fat from fine granulations 
spheres diameter. This condition most prominent ileum. Mucosa 
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large intestine congested longitudinal streaks rectum where the con- 
gestion continuous. 

The liver cells the central zone the lobules contain large amounts 
orange pigment. Very little fat present. The medulla kidneys congested 
the tips Urine taken from the bladder contains about 0.06 per 
cent protein (Esbach). 

Microscopic examination and cultures the contents the small intestine 
show, besides the usual Gram-positive rods and cocci, large numbers coli 
from duodenum down, most abundant the ileum. Cultures bits liver, 
spleen, kidneys, large large peas, remain sterile. 


Group Older Normal which had maintained 
normal conditions the intestines were examined from time time 
with reference the intestinal flora. all cases, Bacillus coli was 
either absent from the plates else present very small numbers. 


No. 988.—Fed cow serum birth place colostrum. The calf main- 
tained normal condition until days old when was slaughtered and organs 
found normal. Films from the mucosa the lower jejunum and upper ileum 
were found free from bacteria. One agar slant inoculated directly with loop 
contents the ileum contained but two colonies after days. The same 
was true tubes inoculated with and drops, respectively, turbid bouillon 
suspension ileum scrapings. Among the colonies were those coli. 

No. 1101.—Born Apr. killed Apr. bull calf, weighing birth 
pounds. calf remained with the dam for days. was then placed 
stall itself and fed fresh cow’s milk three times day. the day 
slaughter there had been digestive disturbances. Its weight, Apr. 26, 
was 112 pounds. The autopsy brought out abnormalities. the con- 
tents the fourth stomach were many Gram-positive rods and some cocci. 
the duodenum and following segment were small numbers the same type. 
the 3rd segment bacteria were very scarce. the 4th and 5th, the 
positive rods and cocci were the duodenum. the ileum there was 
increase. Plate cultures from this level showed large numbers colonies 
acidophilus and small number coli. the cecum, plate cultures 
material containing large numbers bacteria brought out relatively few 
and many acidophilus colonies. The type coli was identical with that 
found very young normal and diseased calves. 

No. 1065.—Guernsey bull calf born Sept. and kept until Nov. 20, when 
was slaughtered. During this period the calf remained normal. the autopsy 
abnormalities were found. The bacteriological examination the fourth 
stomach, six different, equally spaced levels the small intestine, and the 
contents the cecum showed Gram-positive rods and cocci films and cultures. 
coli was absent else present such small numbers that failed appear. 
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No. Holstein bull calf, born Sept. 24, and killed During 
this period there were digestive disturbances. The autopsy showed ab- 
normalities. Bacteriological examination brought out the same results 
No. 1065. coli did not appear any plates, but incubating loopful 
intestinal contents from the 5th segment bouillon overnight, coli was iso- 
lated. 


Sections fixed and hardened tissue the unopened small intes- 
tine from five six different levels number calves, killed when 
weeks months age, have also been examined. These calves 
were suffering from pneumonia involving over one-half the lung 
tissue. none the sections were bacteria demonstrable the 
lower segments. 


DISCUSSION. 


The significance Bacillus coli the pathology the intestinal 
tract may now briefly formulated. The relation this species 
the normal tract has already been outlined, and evident from what 
has been stated that comparison the normal and the pathologic 
state terms Bacillus coli involves quantitative factor. Bacil- 
lus colt probably present all levels the small intestine the 
normal animal, but frequently such small numbers that only in- 
cubation contents bouillon overnight brings light. all 
cases intestinal disturbance coli present the lower small 
intestine larger numbers than health, and the disease progresses 
the numbers living bacilli not only increase locally but the infec- 
tion spreads towards the duodenum. calves killed advanced 
stage the mucosa carpeted with layers Bacillus attached 
the top plates the epithelial cells This carpeting may ex- 
tend from the ileocecal valve the second fifth level, nearly into 
the duodenum, before death. Animals have been found still good 
condition, usually during the second hours life, with heavy 
infection the 4th and 5th segments the small intestine with 
Bacillus coli. These are interpreted preclinical cases scours. 

The action Bacillus coli bringing about the local hyperemia 
and flux and the general intoxication probably result the absorp- 
tion toxins produced and set free during multiplication. This 
the etiological conditions still under investigation. 
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Tracing the conditions back naturally come the problem 
the forces which hold Bacillus coli check, for obvious that 
are dealing here with equilibrium quite delicate during the early 
days life between coli and certain inhibitory agencies re- 
siding the normal functions the entire tract. Are the multiplica- 
tion and consequent intoxication due inadequate functioning 
the mucosa and associated glands, unusual virulence 
conceivable that failure the peptic stomach and its secretions 
the early hours life may give Bacillus coli the necessary opportunity. 
is, however, inferred, from the large number cases which 
have been studied since 1917, that explain the persistent epidemics 
and numerous sporadic cases scours the genesis scours herd 
disease the result both inadequate digestive functions well in- 
creasing virulence Bacillus coli. These two factors reciprocally 
favor each other the sense that the depression normal functions 
favors multiplication and rapid passages from case case, and con- 
sequent rise virulence, where animals are numerous. Experimental 
evidence favor this conception scours may presented 
later publication. present are relying more compara- 
tive study spontaneous cases formulating the above hypothesis. 

Among the conditions leading inhibition normal protective 
functions failure the fourth stomach stated above impor- 
tance. Frequently, advanced and moribund cases show coating 
mucus, not present the normal calf. This suggests fetal condi- 
tion relative inactivity. Attention has been called peculiar, 
dropsical condition the intestinal epithelium many cases, seen 
only during the first days, and also fetal Its relation 
scours undetermined. Fat stasis has also been mentioned occur- 
the upper half the small intestine. 

the early days another factor may importance. This 
the overdistension the fourth stomach with colostral milk. 
penter and have recently referred this factor. the 
autopsy young calves the great variation the contents the 
fourth stomach has frequently been noticed. some cases this or- 


Carpenter, M., and Woods, G., Vet., 1924, xiv, 218. 
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gan extended down the pelvis. Attention has also been called 
the large amount coagulable protein the contents the ileum. 
This passing into the large intestine becomes the white scours. 
Whether this undigested colostrum still protective, whether 
acts culture medium for Bacillus coli and other bacteria, not 
known. Large quantities colostrum have been fed experimentally 
without manifest injury.’ 

the apparent overfeeding colostrum there concealed another 
factor, the time after birth when the first food taken. over- 
distension may due some cases delayed feeding which stimu- 
lates the calf overfeed. This delay may also significant per- 
mitting Bacillus coli get foothold the small intestine spite 
the large, but delayed dose colostrum. The cases reported were 
not under observation birth and hence information hand 
evaluating this delay favoring scours. 

The relation virulence Bacillus scours under investi- 
gation and only certain data gathered studying normal and patho- 
logical calves can cited this time. measure virulence 
Bacillus coli made difficult number facts. The group known 
Bacillus coli ubiquitous and the mere presence Bacillus coli 
minimal numbers immediate significance. There are 
the digestive tract domestic mammals and birds many varieties 
Bacillus coli and changes under cultivation. Moreover, 
calves quickly acquire high degree resistance Bacillus coli enter- 
ing the digestive tract after the week. spite these difficulties 
the purely bacteriological studies isolated races Bacillus coli 
furnish some evidence value. 

the early cases studied, beginning the winter domi- 
nant race Bacillus coli was saccharolytic and motile. Later this 
type was supplanted one which non-motile and fails act upon 
saccharose. This type has maintained itself the present, although 
other races may isolated from intestinal contents special methods 
are used. the intestinal tract and organs young calf which was 
sent this Department from distant herd recently, saccharolytic, 
motile race was the only one isolated. This could readily distin- 


7Smith, T., and Little, B., Exp. Med., 1924, xxxix, 303. 
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guished from the local type certain peculiarities its colonies 
agar plates. 

general the races Bacillus coli found practically pure cul- 
tures the organs cases Bacillus coli septicemia and large 
numbers the intestinal tract ordinary scours had common cer- 
tain characters, such moist, rich growth, forming round, convex 
colonies which sometimes tend flow down the agar slope. 

put all the facts together, the inference seems admissible that 
scours associated with the multiplication special races Bacillus 
coli and that such races are developed and maintained large herds. 
This will account for the different races Bacillus coli which have 
been charged other observers the cause scours. large 
herd through the presence calves below par birth may thus de- 
velop and maintain its own type scours organism which, however, 
not virulent enough make any headway naturally strong 
calves properly cared for regards food and housing. 

During the period from 1917 during which scours was being ob- 
served, the investigations were restricted one large herd cows. 
Accessions this herd from outside were frequently made, however. 
During the latter half 1918, four animals came autopsy from 
which paratyphoid bacillus was isolated. Two these were 
trifle over and months old, respectively. The other two were 
young calves. One died when days old, the other was killed the 
same age. only this latter pair which comes within the scours 
period. This infectious agent did not get foothold the herd and 
cases were encountered after this. Outbreaks due paratyphoid 
bacilli should clearly distinguished from the early scours since the 
nature the disease and the lesions observed are different. Such dis- 
tinction called for the interests simpler etiological classifica- 
tion and better understanding the early disease. 

the course these studies, has become evident that Bacillus 
coli not disseminated from the digestive tract after death appear 
the internal organs. The presence Bacillus coli the spleen, 
kidneys, and liver the result antemortem dissemination. There 
may, however, focal multiplication, post mortem, which increases 
greatly the number bacteria originally present, unless the body 
promptly chilled and refrigerated. Even under these conditions local 
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multiplication goes for time until the body chilled throughout. 
thus possible distinguish between scours with and without 
bacteremia calves autopsied some time after natural death. 


large amount work has already been done this ubiquitous disease, 
notably Jensen, Poels, Titze and Weichel, and others dealing with small 
groups cases. This work has been summarized 1911 
will seen from his review that this affection had been ascribed coli, 
proteus, pyocyaneus, streptococci, and variants these species. Jensen’s 
own investigations have shown that forms coli are the dominant organisms 
this disease. divides the disease into enteritis with and without bacteremia, 
thus covering the subsequent classification the writer and associates into 
calves which have been inadequately not all protected colostrum and 
those which have been protected. Jensen was able produce fatal hemor- 
rhagic enteritis young calves feeding small dose creolin, pyoctanin, 
iodine trichloride the milk. such animals coli was found the inter- 
nal organs after death. Jensen also called attention the fact that feeding 
calves during the first hours life with boiled milk brought about severe, 
often bloody diarrhea and death. infers that normal types coli may 
gain virulence under these conditions. not clear whether his hypothesis 
postulates immediate increase virulence every case showing enteritis, 
whether gradual increase virulence through repeated passages associated 
with certain fixation these characters meant. His work has been ex- 
tended and confirmed 

Titze and working chiefly with cultures sent the laboratory from 
different outbreaks scours, found that 210 strains, 160 belonged coli, 
enteritidis, paratyphoid and the rest miscellaneous species. 
studied 118 cultures coli stated have been isolated from scours 
cases. these, only fermented saccharose. Further divisions were made 
when other sugars and alcohols were used. these investigations not clear 
whether the authors’ cultures were isolated from the internal organs from the 
small intestine. may assumed that they were isolated from the blood 
and internal organs, since coli the digestive tract has not been general 
regarded significant. This significance appears when the quantitative factor, 
obtained before natural death, determined. The articles quoted not take 

Kolle, W., and von Wassermann, A., Handbuch der patho- 
genen Mikroorganismen, Jena, 2nd edition, 1913, vi, 121. 

Christiansen, M., Maanedsskr. Dyrleger, 1915, xxvii. 

Christiansen, M., Centr. Bakt., Abt., Orig., 1917, 196. 

Christiansen, M., Maanedsskr. Dyrleger, 1917, xxix. 

Titze, C., and Weichel, A., Arb. Gsndhtsamte, 1909-10, xxxiii, 516. 
Stickdorn, W., Centr. Bakt., Abt., Orig., 1915, 245. 
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this into consideration. obvious from the results reported this and 
earlier papers that distinction must made between coli invading the 
small intestine only and the entire body well. 

examined different sections the digestive tract calves obtained 
from abattoirs. finds coli, bifidus, and acidophilus normal flora. 
Carpenter and studied the bacteriology the digestive tract fourteen 
normal calves from days age and thirteen diseased calves from 
days old. The series too broad with reference age and there are too 
few animals the same scours-susceptible age permit definite conclusions 
the distribution bacteria the digestive tract. The inferences drawn the 
writers differ from those Carpenter and Woods, who state that the bacteria 
“for the first hours seem have little the opinion the 
writers the first hours are the critical period. the colon group multiplies 
freely during this period the calf doomed. 


CONCLUSIONS. 


New-born calves receiving colostrum, else receiving after 
some delay, may die Bacillus coli septicemia, which scours 
local manifestation. 

Calves receiving insufficiently protective dose colostrum may 
become victims various bacterial diseases such arthritis, nephritis, 
omphalitis, and possibly pneumonia. 

Calves receiving sufficient dose colostrum may still develop 
scours various degrees severity due the local multiplication 
various types Bacillus coli the small intestine. 

There exists the young calf delicate balance between certain 
strains Bacillus coli and the mucous membrane and digestive fer- 
ments, which, upset favor coli, produces scours. The 
necessary conditions for such attacks are part inherited defects 
the digestive tract, both morphological and functional, and special 
types Bacillus coli, resident the herd and environment. 

The immediate indications are great increase the number 
Bacillus coli the lowest third the small intestine with spreading 
the invasion towards the duodenum the disease gains headway. 
Under these conditions general intoxication results. The bacilli 
form layers films attached the top plates the epithelial cells. 
this time morphological changes the cells are not yet recogniza- 


Kiithe, H., Centr. Bakt., Abt., Orig., 1915, lxxvi, 409. 
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ble. The vacuolar hydropic condition frequently found antedates 
the bacterial invasion and may present the absence bacteria. 
mild recovered cases, during the week fatty infiltration 
the epithelium not infrequently present. 

large number clinically normal calves, from day months 
age, Gram-negative bacilli were not present sufficient numbers 
detected sections, although enriched cultures, when attempted, 
revealed them. 


EXPLANATION PLATE 


Fic. Forabrief history this animal see page 94, and Fig. 
the accompanying paper Section the unopened small 
above ileum fixed Zenker’s fluid and alcohol. The tips four villi view, 
two which show the hydropic condition the Dense masses 
coli are attached the top plates these. They are also present villi 
not changed. and methylene blue. 812. 
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EXPERIMENTAL HIGH INTESTINAL OBSTRUCTION 
THE MONKEY. 


RUSSELL HADEN, M.D., anp THOMAS ORR, M.D. 
(From the University Kansas School Medicine, Kansas City, Kansas.) 


(Received for publication, August 13, 1924.) 


previous communications have reported chemical studies 
the blood and urine man intestinal and the 
blood the dog after the intestine experimentally obstructed 
different The effect sodium chloride the chemical 
changes observed the blood the and the use chlorides 
therapeutic agent human obstruction have been 

The essential changes found both man and the dog are pri- 
mary fall the blood chlorides, usually rise the alkali reserve, 
and finally rise the non-protein nitrogen. The chemical and 
clinical evidences toxemia not appear until the chlorides are 
well depleted. toxemia may prevented entirely, the dog 
least, keeping the blood chlorides near the normal level. 

The data presented here concern the chemical study the blood 
the monkey after the intestine experimentally obstructed. The 
animals were the Macacus syrichtus species obtained from the Philli- 
pine Islands. They had been kept captivity about months be- 
fore being used. 


Method. 


The animals have been kept metabolism cages, fasted for days before opera- 
tion, and given food during the course the experiment. All operations were 
done under ether anesthesia with aseptic technique. Water was allowed 


Haden, and Orr., G., Bull. Johns Hopkins Hosp., 1923, xxxiv, 26. 
Haden, L., and Orr, G., Surg., Gynec. and Obst., 1923, xxxvii, 465. 

Haden, and Orr, G., Exp. Med., 1923, xxxvii, 365. 

Haden, L., and Orr, G., Exp. Med., 1923, xxxviii, 55. 

Haden, L., and Orr, G., Exp. Med., 1924, xxxix, 321. 

Haden, L., and Orr, G., Am. Med. Assn., 1924, Ixxxii, 1515. 
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libitum. Blood for chemical analysis was obtained from the femoral vein before 
operation and hour intervals thereafter until the death the animal. 

The intestine was obstructed section and inversion the cut ends. The 
obstruction was thus rendered complete every instance. autopsy was al- 
ways performed rule out peritonitis complicating factor. 

The non-protein nitrogen, sugar, and creatinine have been determined the 
method Folin and Wu.’ The protein-free filtrates were made modification 
the original Folin-Wu technique described one The 
power has been determined the method Van Slyke and Cullen,® urea nitrogen 
the Van Slyke and Cullen" modification the Marshall method, uric acid 
Benedict’s method and the blood chlorides the tungstic acid filtrate the 
manner Gettler.” 


EXPERIMENTAL. 


For comparison with the results the experimental animals the 
blood chemical analyses thirteen normal monkeys are tabulated 
Table The average non-protein nitrogen 34.7 mg. per 100 cc., 
the urea nitrogen 15.4 mg., uric acid, 2.3 mg., creatinine, 1.5 mg., 
chlorides 488 mg., and the power, 29.7 volume per 
cent. These averages are little different from the accepted normal for 
man and the average normal for the 

The findings five monkeys after the intestine was obstructed are 
shown Table II. four the duodenum was obstructed, one the 
jejunum. all five animals there was marked rise non-pro- 
tein nitrogen and urea nitrogen. Monkey the non-protein nitro- 
gen rose from 47.6 289 mg. per 100 cc., and the urea nitrogen from 
25.2 147.1 mg. within hours. The uric acid and creatinine showed 
significant changes. The chlorides Monkey fell 150 mg. 
per 100 cc. the lowest level seen over 200 dogs with experimental 
intestinal obstruction, number human cases, and this series 
monkeys. The findings Monkey are similar. The other three 
animals also showed drop chlorides although not marked 


Folin, O., and Wu, H., Biol. Chem., 1919, xxxviii, 81. 

Haden, L., Biol. Chem., 1923, lvi, 469. 

Van Slyke, D., and Cullen, E., Biol. Chem., 1917, xxx, 289. 

Van Slyke, D., and Cullen, E., Am. Med. Assn., 1914, 1558. 
Benedict, R., Biol. Chem., 1922, li, 187. 

Gettler, O., Am. Med. Assn., 1921, 1652. 
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the first two animals. The power increased 
all animals. Monkey the increase was from 17.4 47.1 volume 
per cent. 


TABLE 
Chemical Findings the Blood the Normal Monkey. 


Blood. 


Amount per 100 cc. 


Monkey No. Uric acid. Creatinine. Chlorides. 
nitrogen. power. 
mg. mg. mg. mg. mg. vol. per cent 
20.2 5.6 510 32.4 
34.5 3.2 1.4 530 
25.0 1.6 490 40.5 
30.3 14.0 440 42.8 
30.0 490 25.8 
34.5 16.4 460 17.4 
31.9 13.4 470 18.3 
DISCUSSION. 


The changes the monkeys after intestinal obstruction observed 
this series are variable but quite similar those previously reported 
man and the dog. The relation the chloride depletion the rise 
non-protein nitrogen not evident here the dog. When 


there such abrupt drop chlorides was encountered 


Monkeys and changes must have already been taking place 
the body tissues which are not reflected fully the blood. 

All observers are agreed that there low level chlorides 
pyloric and intestinal obstruction, although this usually explained 
due vomiting. monkeys are special interest this con- 
nection. They were watched closely and evidence vomiting 
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was found. Two were kept metabolism cages and all excretions 
collected. these cases vomiting was absolutely excluded. This 
finding affords additional evidence our theory that the fall blood 
chlorides concerned some way with the toxemia. 


TABLE II. 
Chemical Changes Blood after Obstruction Duodenum and Jejunum. 


Blood. 


Amount per 100 cc. 


Total non- 


195.0 95.3 160 39.5 
289.0 147.1 2:2 150 
30.0 14.0 490 25.8 
61.5 440 27.7 
163.0 82.7 190 
218.0 113.5 2.4 170 41.4 
34.5 16.4 1.0 460 17.4 Jejunum. 
60.0 450 17.4 
61.0 26.6 1.3 435 25.8 
26.2 1.9 410 25.8 
71.3 300 34.7 
195.0 93.8 370 
92.5 1.6 440 14.7 
115.0 56.7 1.4 350 28.7 
60.0 1.6 500 20.4 
64.5 30.4 2.9 1.6 500 28.7 
SUMMARY. 


The blood findings five monkeys after experimental high intes- 
tinal obstruction are reported. 
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All animals showed the marked rise non-protein nitrogen char- 
acteristic intestinal obstruction man and the dog. 
Two monkeys showed very marked drop chlorides, the others 
less marked fall. Coincident with the change chlorides there 
rise the power. 
The uric acid and creatinine showed typical changes. 
vomiting was observed. This emphasizes the fact that vomit- 
ing alone does not account for the fall blood chlorides character- 
istic intestinal obstruction. 
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THE DISTRIBUTION CHLORIDES THE BLOOD 
THE DOG AFTER EXPERIMENTAL INTESTINAL 
OBSTRUCTION. 


RUSSELL HADEN, M.D. THOMAS ORR, M.D. 


(From the University Kansas School Medicine, Kansas City, Kansas.) 


(Received for publication, August 13, 1924.) 


Several questions have arisen connection with the fall blood 
chlorides which have shown characteristic high intestinal 
obstruction. All chloride determinations have been made whole 
blood since seems that changes the body chlorides would 
thus best shown. There is, however, unanimity opinion among 
laboratory workers whether estimates chlorides are more de- 
sirable whole blood plasma. The statement usually made 
that changes them are best reflected plasma since the chloride 
content the plasma twice great that the red cells. This 
based largely the relatively slight changes observed chronic 
nephritis. Low blood chlorides have received scant attention 
clinical medicine. 

The low blood chlorides intestinal obstruction are accompanied 
very low excretion the urine. Some the chlorides are lost 
vomiting, but large part not accounted for this way. has 
seemed quite possible that some the chlorine might bound 
some manner with the blood protein and thus precipitated making 
the tungstic acid filtrate possibly exist the filtrate some non-, 
ionizable form and not precipitated silver nitrate. either 
case the chlorine would not detected the usual technique 
chloride determination. Van has recently suggested new 
technique for chloride estimation which essentially ashing pro- 


Haden, and Orr, G., Exp. Med., 1923, xxxvii, 365. 

Haden, L., and Orr, G., Exp. Med., 1923, 55. 

Haden, L., and Orr, G., Surg., Gynec. and Obst., 1923, xxxvii, 465. 
Slyke, D., Biol. Chem., 1923-24, lviii, 525. 
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cedure and thus estimates all the chlorine present regardless 
the combination which exists. 

The following experiments have been made determine the dis- 
tribution chlorides the blood the dog after experimental ob- 
struction the jejunum. The chlorides have been estimated simul- 
taneously whole blood, plasma, and the cells. several 
instances estimations have been made both the iodometric titra- 
tion protein-free filtrate and whole blood and plasma the 
Van Slyke technique. 


Methods. 


All chloride determinations the tungstic acid filtrate have been done the 
iodometric titration McLean and Van Slyke suggested pre- 
paring the filtrate the cells one part cells was laked with four parts distilled 
water and two parts each per cent sodium tungstate and 2/3 sulfuric acid 
The determinations the new Van Slyke procedure have been done 


EXPERIMENTAL. 


each dog obstruction the jejunum was made under ether 
anesthesia and with aseptic technique. One animal lived days, 
one days, and two days. the last two the obstruction was 
made quite low down. All animals showed the characteristic fall 
chlorides (Table I). The most marked change the second 
hour period following operation. There decrease both cells 
and plasma. first the fall more marked cells than plasma. 
The decrease shown more characteristically, however, whole 
blood than cells plasma. 

The determinations the iodometric titration the tungstic 
acid filtrate show close agreement with those made the Van 
Slyke technique. true both with normal blood and with 
blood showing very low chloride content after obstruction. The 
average ten determinations plasma the iodometric titration 
430 mg. per 100 cc. compared with 438 mg. the Van Slyke 
technique. The average six determinations whole blood 


Gettler, Am. Med. Assn., 1921, Ixxvii, 1652. 
H., Biol. Chem., 1922, li, 21. 
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different stages obstruction 256 mg. per 100 cc. the iodometric 
titration and 257 mg. the Van Slyke. 


TABLE 


Distribution Chlorides Blood after Experimental Intestinal Obstruction. 


Chlorides mg. NaCl per 100 cc. 
Dog No. Day after Plasma 


bd 
o 


operation. 
Whole blood. Plasma. Cells. 
per cent mg mg mg 
470 540 260 
460 550 290 
350 470 190 
310 450 180 
300 460 200 
295 400 190 
475 570 290 
440 520 260 
350 460 180 
340 430 180 
290 420 160 
360 400 220 
330 440 290 
310 420 200 
296 370 180 
190 


a 
a 


375 460 240 
325 440 270 
320 410 210 
300 400 200 
260 340 190 
250 300 160 
200 250 150 
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TABLE II. 


Comparison Blood Chloride Estimation Iodometric Titration Tungsten 
Acid Filtrate and New Van Slyke Technique. 


Whole blood. Plasma. 
Dog No. Amount per 100 cc. Amount per 100 cc. 
titration. Van Slyke.| titration. Van Slyxe. 
mg. mg. mg. mg. 
575 591 Control normal. 
Pooled. 590 588 
340 339 450 449 Obstruction jejunun days. 
285 283 355 379 
170 178 225 233 
273 277 325 344 
175 189 235 228 
Average.....| 256 257 430 438 
DISCUSSION. 


The results here recorded show that the fall blood chlorides 
intestinal obstruction involves both the cells and plasma and almost 
equally so. The changes are best seen the whole blood determina- 
tions. seems evident that determinations whole blood are more 
desirable than plasma. The whole blood estimations have 
added advantage. The nitrogenous bodies are always estimated 
whole blood filtrate. The same filtrate may used for the whole 
blood chloride determinations. separate filtrate must made for 
the plasma determination. 

The very close agreement chlorides the iodometric titration 
and the Van Slyke digestion method shows definitely that the chloride 
does not exist the blood some undetermined form. must 
look some place other than the blood for the retained chloride. The 
problem here similar that pneumonia, condition which 
chlorides are retained equal degree, apparently, all the tissues 
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the The results here also serve excellent check the 


accuracy the chloride determinations which have previously 
reported. 


SUMMARY AND CONCLUSION. 


The results simultaneous chloride determinations whole blood, 
plasma, and cells the dog after experimental intestinal ob- 
struction are presented, and the chloride content whole blood and 
plasma compared two methods estimation: the iodometric 
titration protein-free filtrate, and the digestion technique Van 
Slyke. 

The chloride determined protein-free filtrate checks closely 
with that determined the digestion procedure. The iodomet- 
ric determination shows accurately the level chlorides the blood. 
The total change the chloride store the body best reflected 
determinations whole blood. 

intestinal obstruction the retained chloride not present the 
blood some undetermined form. 


Peabody, W., Exp. Med., 1913, xvii, 71. 
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THE SODIUM CONTENT THE BLOOD THE DOG 
AFTER EXPERIMENTAL INTESTINAL 
OBSTRUCTION. 


RUSSELL HADEN, M.D., THOMAS ORR, M.D. 
(From the University Kansas School Medicine, Kansas City, Kansas.) 


(Received for publication, August 13, 1924.) 


Normally man the the blood represents per cent the 
fixed base. HCO; and constitute about per cent the 
acid These three radicles are thus the ones principally con- 
cerned the acid-base equilibrium the blood. high intestinal 
obstruction there characteristically fall chlorides and rise 
bicarbonate content the blood.2 The present study has been made 
determine possible whether the sodium freed from combination 
with chloride recombined the form bicarbonate, lost from 
the blood, remains free, combined some other manner. 


The average sodium content human blood serum 335 mg. per 100 
Kramer and Tisdall! found very low sodium content (218 and 270 mg. per 100 
cc.) two cases acute intestinal indigestion infants. McVicar and 
one case duodenal intoxication found only 192 mg. sodium per The 
inorganic salt content pyloric obstruction has been studied Hastings, Mur- 
ray,and They observed fall chlorides, sodium, and potassium, 
little change the calcium and magnesium content, and increase sulfur and 
phosphorus. There little change the with even the most marked varia- 
tion salt content. 

have shown that the toxemia intestinal obstruction does not manifest 
itself until the chloride depleted below certain level. The most likely explana- 
tion that the chloride, probably hydrochloric acid, utilized protection 
against the toxic agent. Other possibilities have been considered and discussed 


Kramer, B., and Tisdall, F., Biol. Chem., 1922, liii, 241. 
Haden, and Orr, G., Exp. Med., 1923, xxxvii, 365. 
Kramer, B., and Tisdall, F., Biol. Chem., 1921, xlvi, 467. 
and Ross, H., Lab. and Clin. Med., 1923, ix, 87. 
Hastings, B., Murray, D., and Murray, Jr., Biol. Chem., 1921, 
223. 
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quite possible that the immediate mechanism the protein 
destruction alteration the conditions for ferment action within the cell. 
has been shown that all cells the body contain both pepsin-like and trypsin- 
like ferment. These under normal conditions are inactive. Bradley’ supposes 
that this inactivity due the fact that body protein usually combined with 
base sodium salt which cannot acted the pepsin. With the pro- 
duction excess acid within the cell, some the base withdrawn neutralize 
the excess acid. This leaves the protein condition favorable for the action 
pepsin and proteolysis begins. Such condition suitable for autolysis tissue, 
might also brought about the loss sodium other ways. 


Method. 


The experiments reported here were made dogs with obstruction the 
jejunum. All operations were done under ether anesthesia with aseptic technique. 
The intestine was obstructed section and inversion the cut ends. The ani- 
mals were fasted for hours preceding operation and given food after operation. 
They were allowed water libitum. Blood for chemical analysis was obtained 
from the jugular vein. 

The non-protein nitrogen was determined the method Folin and 
the carbon dioxide-combining power the method Van Slyke and 
the chlorides were determined the tungstic acid filtrate the manner suggested 
and the sodium was determined modification the Kramer- 
Tisdall method described one 


EXPERIMENTAL OBSERVATIONS. 


The average sodium determinations ten normal dogs before 
operation was 336 mg. per 100 cc. (Table plasma compared with 
the average 335 mg. per 100 cc. man. Wider variations were 
observed dogs than were reported Kramer and Tisdall man. 

The results repeated observations ten dogs are shown 
Table II. The total non-protein nitrogen determinations are given 
index the degree toxemia. All animals show the charac- 
teristic rise. 


Haden, and Orr, G., Exp. Med., 1923, xxxviii, 55. 

Bradley, Taylor, J., Biol. Chem., 1916, xxv, 261. 

Folin, O., and Wu, H., Biol. Chem., 1919, xxxviii, 81. 

Van Slyke, D., and Cullen, E., Biol. Chem., 1917, xxx, 289. 
Gettler, Am. Med. Assn., 1921, 1652. 

Haden, Lab. and Clin. Med. (in press). 
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The sodium determinations plasma after operation show little 
change (Table II). There usually fall. Sodium, however, 
limited entirely the plasma, the corpuscles containing practically 
none. With the successive bleedings and the increasing toxemia there 
increasing anemia, hence the apparent decrease plasma sodium 
means usually increase sodium the whole blood. The calcula- 
ted sodium the whole blood, from the sodium readings plasma and 
the hematocrit readings are shown Table III. Dog the sodium 
content the whole blood before operation was 151 mg. per 100 cc. 


TABLE 


Sodium Content the Blood Plasma the Normal Dog. 


Dog No. Sodium per 100 cc. 


mg. 
310 
305 
302 
290 
352 
334 
367 
330 
377 
384 


CMU WN 


and the end the experiment was 174 mg. Similarly the sodium 
the whole blood Dog rose from 151 189 mg. per 100 cc. 
The chlorides both plasma and whole blood show marked fall 
every case. The power always increased. There 
seems relation between the sodium changes and the level 
the toxemia indicated the non-protein nitrogen. The injection 
large amounts sodium chloride intravenously usually caused 
significant change the sodium content the blood determined 
hours after such treatment. 
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TABLE II. 
Sodium Content Blood after Intestinal Obstruction. 


Blood. 
Amount per 100 cc. 


Remarks. 


Total non-protein 
nitrogen. 


Day after operation. 
Sodium (serum). 


Dog No. 


Whole blood. 
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267| 68.3 
77.7 
282| Inorganic plasma 5.7 mg. 


vol 
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TABLE 
Blood. 
Amount per 100 cc. 
& i 
Chlorides. 
vol 


360 cc. per kg. per cent salt mixture* subcuta- 
neously; cc. per cent intravenously. 
400 Died. Obstruction not released. 


345) 350 36.2 
per cent intravenously. 
340) 400 43.8 
325) 440 
250 cc. per kg. per cent salt mixture subcuta- 
neously; per cent intravenously. 
ously; cc. per cent intravenously. Died. 
Peritonitis. obstructed. 


364) 370 31.5 


330 47.5 
230 40cc. perkg. per cent salt mixture subcutaneously; 
cc. per cent intravenously. 


Ok WH 
wW 
WwW 


400 per kg. per cent salt mixture subcutaneously. 

32.6 430 

20.8 480 42.8 

450 35.7| Recovered. 


cent 
348) 410 32.4 


TABLE 


Blood. 


Amount per 100 cc. 


to 
vol 
cent 
415 30.5 
350 34.3 
358) 320 47.5 
333) 250 perkg. percent salt mixture subcutaneously; 
per cent intravenously. 
390 per kg. per cent salt mixture subcutaneously. 
335) 440 Lateral anastomosis. 
31.2 41.9 
20.2 36.2 
20.7 Recovered. 
400 35.7| perkg. per cent salt mixture subcutaneously; 
cc. per cent intravenously. 
48.2 480 cc. perkg. per cent salt mixture subcutaneously; 
per cent intravenously. 
410 perkg. per cent salt mixture subcutaneously. 
Lateral anastomosis. 
440 per kg. per cent salt mixture subcutaneously. 
33.3 410 31.9 
340 
33.3 280 
280 40cc. per kg. percent salt mixture subcutaneously; 
cc. per cent intravenously. Lateral anas- 


tomosis. 


*Salt mixture contains sodium chloride, parts; calcium chloride 0.3 ‘part, 
potassium chloride 0.2 part, and ammonium chloride 0.5 part. 
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TABLE 
Comparison Sodium Content Plasma and Whole Blood after Intestinal 
Obstruction. 
Sodium (per 100 cc.). 
Day Plas 
hematocrit value and 
plasma sodium). 

per cent mg. mg. 

307 154 

307 157 

272 152 

286 160 

253 152 

285 174 

268 121 

293 152 

263 121 

264 132 

152 

295 168 

287 189 
TABLE IV. 


Concentration Principle Basic and Acid Radicals Serum Dog Experimental 
Intestinal Obstruction. 


Gram equiva- 


Per liter. lents per liter. 
ning. ning. 
gm. gm. 
Basic radicle. 3.020} Normally per cent 


total fixed base. 


Acid radicles. acid radicles. 


Total 3.912) 3.526 


4 
= 


126 SODIUM BLOOD INTESTINAL OBSTRUCTION 


DISCUSSION. 


These results show that even with the very marked changes 
chloride and bicarbonate content the blood which take place after 
experimental intestinal obstruction there relatively little change 
its sodium content. The total sodium tends rise rather than fall. 
The findings lend support the theory that the increased destruc- 
tion body tissue characteristic intestinal obstruction due 
accelerated autolysis following the withdrawal sodium from body 
protein. Neither does seem possible that this change sodium 
relative other ions sufficient provide medium alkaline enough 
for trypsin action. 

The balance between acid and basic radicles very important 
one. Since sodium the principle basic radicle plasma, and bi- 
carbonate and chloride the principle acid radicles, any extensive 
changes the acid-base balance must reflected these elements. 
Kramer and have calculated the balance acid and basic 
elements the blood man and have shown that normally there 
excess base over the acid elements per cent. This excess 
they believe combination with protein. With the decrease 
chloride intestinal obstruction there rise bicarbonate. 
The question arises whether there increase bicarbonate com- 
parable the decrease chloride. pyloric obstruction Felty and 
Murray” have shown that the increase bicarbonate ion does not 
entirely compensate for the loss chloride ion. 

Table are given the average sodium, chlo- 
ride concentrations found Dogs expressed gram equiva- 
lents per liter. Normally the other basic elements, Ca, Mg, and 
compensate for the other acid radicles. and play smail part 
the acid-base equilibrium. decrease sodium 0.0080 gm. 
equivalents per liter and the acid radicles, HCO; and Cl, 0.0219 gm. 
equivalents per liter. The loss acid radicles not accompanied 
equivalent loss base. The excess basic over acidic ele- 
ments increased, result the intestinal obstruction, from 
0.0290 0.0429 gm. equivalent per liter. The manner which the 
excess basic radicles combined not shown these experiments. 


Felty, R., and Murray, Jr., Biol. Chem., 1923, lvii, 573. 
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SUMMARY. 


Sodium determinations the blood ten dogs after experimen- 
tal obstruction the jejunum are reported. 

The average sodium content the plasma the normal dog 
336 mg. per 100 cc. 

There relatively little change the sodium content the blood 
plasma after the intestine obstructed, even with marked changes 
the chloride and bicarbonate. 

The whole blood sodium tends rise after intestinal obstruction. 
The increase bicarbonate ions does not fully compensate for the 
decrease chloride ions. 

After intestinal obstruction there larger amount sodium 
some unknown combination than the normal dog. 

These findings throw definite light the mechanism the in- 
creased protein destruction characteristic intestinal obstruction. 
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EXPERIMENTS THE CULTIVATION THE ACTIVE 
AGENT MOSAIC DISEASE TOBACCO AND 
TOMATO PLANTS. 


PETER OLITSKY, M.D. 
(From the Laboratories The Rockefeller Institute for Medical Research.) 


(Received for publication, October 23, 1924.) 


examination the extensive literature which has accumulated 


since the first description! mosaic disease tobacco reveals the 


fact that the nature the inciting agent has not yet been definitely 
determined. 

present, several views are held concerning it. Beijerinck? 
say, living material without form which capable propa- 
gating itself. Some later workers believe the agent have the na- 
ture enzyme perhaps some other substance capable 
causing disturbance. and others maintain that 
bacterium filterable virus hitherto non-cultivable. Since 
the work 1892 all investigators the incitant 
the disease, irrespective their beliefs one the other these 
views, have agreed that filterable. 
experiments here show, believe, that the inci- 
tant mosaic disease tobacco and tomatoes living, multiply- 


ing body, capable propagation through many generations 
artificial medium. 


A., Landwissensch. Versuchs-Station, 1886, xxxii, 450. 
Beijerinck, W., Centr. Bakt., Abt., 1899, 27. 


A., Dept. Agric., Bull. 40, 1914, Phytopathology, 1923, xiii, 


D., Bakt., Beihefte Botan., 1893, iii, 266; see also 
1903, xiii, 


The writer acknowledges his indebtedness Dr. David Smith, with whom 
the work was begun, for his cordial and helpful cooperation. 
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1908, proved, cross-inoculation tests, the identity mosaic 
disease tobacco (Nicotiana tabacum) with that tomato (Lycopersicum escu- 
Jentum). Later Allard demonstrated that almost all the nightshade family 
are susceptible the affection. The solanaceous plants, addition 
tobacco and tomato, thus far known involved are the following genera: 
Petunia, Physalis, Datura, Hyoscyamus, Solanum (Solanum nigrum and Solanum 
carolinense), and Capsicum. The observations Melhus® and Gardner and 
Kendrick® indicate that the disease occurring these plants identical with 
that the potato (Solanum tuberosum). 


There were available for our studies two strains mosaic disease 
among the one propagated tomato, the other to- 
bacco plants. Tomato cuttings were obtained from Dr. Kun- 
kel the Boyce Thompson Institute for Plant Research; tobacco 
seedling was given Dr. Charles Simon the Johns Hopkins 
From the tobacco parent, the disease was transmitted 
healthy tomato plants and from the tomato tobacco. The par- 
ents and plants which the disease was transmitted constituted our 
first stock mosaic material. was also determined prelimin- 
ary that the active agent this material was readily filterable through 
Berkefeld filters, sizes and The subsequent experiments were 
all made tomatoes, which there were available unlimited 
number normal seedlings and full grown plants. These were grow- 
ing vigorously under greenhouse conditions, temperature 28- 
30°C. 

The signs the mosaic disease the tobacco and tomato plants 
the initial stock and those which the affection was transferred 
experimentally, the manner which will outlined further on, were 
identical with those described other investigators, notably 
According the latter the affected plant shows partial 
complete chlorosis; curling leaves; (c) dwarfing and distortion 
the leaves; (d) blistered savoyed appearance leaves; (e) 


P., Connecticut Agric. Exp. Station, Biennial Rep., 1907-08, 857. 
Allard, A., Phytopathology, 1916, vi, 328. 
Melhus, E., Mosaic studies; abstracted Phytopathology, 1922, xii, 42. 
Gardner, W., and Kendrick, B., Purdue Univ. Agric. Exp. Station, Bull. 
261, 1922, 
are grateful Dr. Kunkel and Dr. Simon for their generous aid. 
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mottling them with different shades green; (f) dwarfing the 
entire plant; (g) dwarfing and distortion blossoms and, tobacco, 
blotched bleached corollas; mosaic sucker growths; and finally 
death the tissues. The incubation period stated 
But Johnson,” and others have pointed out, the incuba- 
tion period shortened days and the disease especially 
active vigorous plants growing 28-30°C. Conversely, the 
onset the first symptoms may delayed weeks even longer 
individuals growing slowly because lower temperature. 


Methods. 


number media were tentatively employed the first attempts 
cultivation the active agent mosaic. The tests resulted 
failure, which scarcely surprising view the fact that the media 
failed support active growth ordinary plant bacteria. When, 
finally, medium had been found which favored the luxuriant growth 
least twenty different species these bacteria, and closely ap- 
proached the hydrogen ion concentration extracts normal 
diseased leaves and stems (pH 5.3 6.0), were encouraged 
proceed. The medium was prepared follows: 


Preparation Medium.—All glassware was chemically cleansed and washed. 
gm. carefully selected fresh young stems, leaves, and shoots from tomato 
plants which were shown experiments free the disease and the later 
control observations showed, must have been free from it, were minced with 
scissors and ground hand large mortar soft pulp. This was mixed 
thoroughly with 250 cc. sterile distilled water having 5.3 The 
entire mixture was centrifuged high speed (1,500 2,000 for hour. 
The resultant clear, greenish, supernatant fluid was passed through sterile Berke- 
feld filter, size and the filtrate refiltered through another similar candle pre- 
viously unused. The double filtration was performed insure sterility the 
product. The entire process was carried out under strict aseptic conditions. The 
clear, yellow amber-colored filtrate was tested for its hydrogen ion concentra- 
tion with the scale and the reading was betwgen 5.3 and 6.0, was 
retained; not, was discarded, for artificial adjustment adding acid 


Duggar, M., and Armstrong, K., Ann. Missouri Bot. Garden, 1923, 
191. 


Johnson, J., Phytopathology, 1921, xi, 446; 1922, xii, 438. 
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alkali was resorted to. Finally, the filtrate was kept for days 28-30°C. 
evidence contamination existed, precipitation the contained albumins 
and globulins was visible, and the crystal clearness was maintained, was re- 
garded suitable for use. 

Materials for extracts the affected tobacco tomato 
leaves and stems prepared the manner just described were filtered through 
sterile, new, Berkefeld candles. These filtrates constituted the materials for the 
earlier cultures. They gave successful results, but more satisfactory method 
obtain active mosaic material was devised later. stout tomato stem large 
tobacco leaf was selected and cut from the plant with razor. The cut end was 
sterilized searing flame, and sterile capillary pipette, connected with 
small rubber bulb, was inserted into the stem into the midrib the petiole 
the leaf, the direction the long axis. was found that the needed amount 
liquid containing the active agent could this way aspirated directly into 
the pipette. 

Cultural number tubes measuring 100 mm. and con- 
taining cc. the medium were inoculated with 0.1 0.2 cc. the filtrate 
with 0.01 cc. the plant liquid and placed dark cabinet the greenhouse, 
temperature 28-30°C. After days, subplants were made adding 
0.1 0.2 cc. this fluid fresh tubes the medium, and indefinitely. 
Tests showed that the active agent survived the original tubes for least 
days. each experiment, uninoculated tubes were included, not only for the 
better discrimination changes consequent the inoculation, but also con- 
trols initial contamination. 

Plant and vigorous tomato plants were employed the 
attempts induce mosaic disease with the culture material. generally agreed 
that the signs the disease may masked slowly growing individuals and that 
the lesions are noticeable young shoots. The usual procedure was 
follows: Three leaves different stems were scratched, scarifying the skin 
man for vaccination, and the test material was rubbed in. addition, the 
plant had had prior cuttings, the substance was injected into its stems through 
the cut ends. plant received not more than 0.1 cc. the test fluid all. Those 
inoculated with the same material were isolated together glass cages having 
close meshed gauze flaps. too were the stock diseased growths. 


Cultural Results. 


The medium into which the mosaic filtrate fluid had been intro- 
duced showed rule, after days, more, faint, uniform, 
translucent, almost imperceptible haze. some instances, changes 
could made out inspection with the naked eye comparison 
with the controls. Stained specimens, however, revealed more granu- 
Jar material than the latter. Nevertheless, the available tinc- 
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torial methods, dark-field examinations, and supravital and 
unstained preparations studied with the ordinary microscope, 
failed differeritiate formed elements distinct from granules 
precipitate, which latter were found the uninoculated medium 
well. 

determine whether the agent mosaic disease had multiplied, 
recourse was had the inoculation plants. Since the agent 
known extremely active, even high dilutions, careful atten- 
tion was given the possibility that mere transfer the original 
active material from tube tube might responsible for the 
results. 

Effect Dilution the Activity Mosaic 
concluded that the agent inducing mosaic disease, when diluted 
part 1,000 water, quite effective producing the affection 
the original undiluted active agent. dilutions part 
10,000 water, the disease not produced often and not 
severe. greater dilutions not likely occur. 
also found that the upper limit dilution cucumber mosaic 
which activity still present 1:10,000. 

For the following experiments the effect dilution upon the 
active agent, plant tissues affected with mosaic were pulped mor- 
tar, water was added, and filtration carried out through cotton. 
six tomato plants receiving dilution the fluid thus obtained, 
all showed signs mosaic disease within days. With 1:5,000 
dilution, four six were affected within the same time; with 1:10,000 
dilution, two six showed the disease within this period. the 
other hand, 1:1,000,000 dilution induced the affection only one 
twenty-two plants, and this after days, while 1:10,000,000 
dilution failed induce the disease any the thirty plants inocu- 
lated. The results were the same, whether the inoculum was de- 
rived from tomato tobacco plants. The findings support the 
conclusions other investigators and indicate, furthermore, that 
interpretation can made regarding the power subplant 
artificial media induce mosaic disease, unless the original inoculum 


Allard, Agric. Research, 1914-15, iii, 295. 
P., Dept. Agric., Bull. 879, 1920, 
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this subplant diluted least 1:1,000,000. Under our cultural 
conditions this point was reached the fourth subplant, which 
latter the original inoculum was present estimated dilution 

Results separate attempts 
were made culture the active agent mosaic disease the filtrate 
medium already described. these, five were made with materials 
derived from the original stock mosaic tobacco plants, three with 
those from tomato plants which the disease was transferred from 
the tobacco, and nine with those from the original stock tomato 
growths. 

multiplication the active agent indicated the capacity 
the fourth and more remote subplants induce mosaic disease 
normal plants, then all these attempts must considered success- 
ful but one. The fourth subplants four experiments and the fifth 
three others caused typical mosaic disease plants previously 
normal. Further work with them was then discontinued because 
the appearance contaminating microorganisms the cultural 
fluids. The seventh, ninth, and tenth subplants induced the affec- 
tion three, three, and one tests respectively. More remote sub- 
plants these series were not made. yet another case the eleventh, 
and still another the twelfth, subplant induced typical mosaic 
disease after inoculation into normal tomato tissues. 

all, 258 plants were inoculated with the cultural fluids. 
these, which received material the fourth and fifth sub- 
plants developed the disease, did out receiving that 
the sixth eighth subplants and inoculated from the ninth 
twelfth subplants. The remaining individuals were inoculated 
with the first third subplants and all became affected. 

The incubation period general varied but slightly from that 
required the original, undiluted active agent, namely about 
days, save the case the sixth and seventh subplants, when 
appeared earlier. With these the first signs were noted some 
the inoculated plants after days. the case the fourth, fifth, 
and eighth subplants, the earliest effects appeared after days; 
that the ninth, after days; the cases the tenth and eleventh 
subplants after days; and after days that the twelfth. 
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Once the experimental disease gained foothold, there was differ- 


ence the severity the affection following inoculation the early 
and remote subplants from that induced the original, undiluted 
active agent itself. All the characteristic signs mentioned the 
outset this paper were present. 

have already stated that the fourth subplant represented 
dilution the original inoculum 1:10,000,000. The more remote 
subplants contained, course, the initial inoculated material in- 
creasingly great dilutions; for example, the seventh contained 
dilution 1:3 the tenth, 1:1 and the twelfth, 
1:4 

Experiments Refiltration Subplant material 
the first fourth mosaic subplants was filtered through tested 
Berkefeld and filters after days 28-30°C. The filtrate 
without further incubation regularly induced typical mosaic disease 
normal plants. But with the material the fifth subplant, the 
filtrates were noted much less effective. five separate tests 
only one gave positive results. And with the sixth subplant, two 
trials ended failure, although each instance the activity the 
unfiltered inoculated medium remained unchanged. 

Unlimited Transmission the Experimental ex- 
perimental mosaic disease induced the culture fluids could 
transmitted from plant plant unlimited series both direct 
application the liquid the affected plant normal tomato leaves 
and inoculation subplants the liquid the artificial medium. 
illustration the latter sort was afforded the following, one 
several similar tests. 


fourth subplant, derived from filtrate suspension the stock tobacco 
mosaic tissues, caused the experimental disease each three tomato plants 
inoculated. The liquid from one the latter individuals was cultured, and con- 
secutive subplants the artificial medium were made until the twelfth was ob- 
tained. The fourth, sixth, seventh, tenth, and twelfth subplants, the material 
which had been inoculated into normal tomato tissues, all induced the disease. 


Control plants were inoculated, after the manner 
employed inducing the experimental disease, with distilled water, 
with fresh uninoculated medium, and with the latter incubated for 
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days 28-30°C. None these showed mosaic disease after 
observation for weeks more. addition, none over 1,000 
seedlings and full grown tomato plants comprising the normal stock 
and growing the same greenhouse exhibited the affection. 


SUMMARY AND CONCLUSION. 


The results the attempts here described cultivate the incitant 
mosaic disease tobacco and tomato plants give good reason 
suppose that this has been accomplished. The agent the tissues 
affected plants induces the disease not infrequently dilution 
1:10,000 but only very rarely higher dilution. During its trans- 
ference from tube tube the special medium used the present 
study underwent dilution far beyond these effective limits—in one 
experiment Nevertheless, the material the remote 
subplants proved effective inducing the disease, which appeared 
rapidly and active form the undiluted inoculum had 
been employed. Material derived from plants which mosaic de- 
veloped result inoculation with the culture fluid induced the 
disease yet other plants, and from these again the agent could 
propagated vitro, transfers other plants could made. 

the course the experiments significant fact was noted; namely, 
that the agent present remote subplants which can induce the dis- 
ease was not readily filterable. The nature the change thus in- 
dicated remains determined. formed elements could 
any time distinguished the medium. 

The conclusion seems justified that the incitant mosaic disease 
tobacco and tomatoes living microbic body which can cul- 
tivated artificial medium. 
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Osteomalacia very prevalent throughout the northern and western parts 
China. Maxwell (13) has found endemic the northern three-quarters the 
province Shansi, the northern half Shensi, the middle portion Kansu, and 
the whole Manchuria. There small focus the disease Re- 
cently, Dr. Maxwell has had reports that Canton thenorthern part 
Honan are also affected. Sporadic cases occur throughout north China but the 
incidence the areas mentioned especially heavy, variously estimated from 
per cent all females over the age puberty. Wampler (25) has made 
intensive survey the region surrounding P’ing Ting Chow Shansi and reports 
that adult woman out afflicted the cities while 173 afflicted the 
small villages. The Chinese themselves say that the incidence much higher than 
these figures indicate, claiming that the incidence may high per cent. 
Wampler has had for observation and treatment the Church the Brethren 
Hospital P’ing Ting Chow over cases the last years. 

P’ing Ting Chow was selected for special study the calcium and phosphorus 
metabolism these patients. Beds the women’s ward the Church the 
Brethren Hospital were reserved, large room was provided for laboratory, 

‘special nurses, and special kitchen and cook were provided that the work could 
conveniently and accurately carried on. Laboratory supplies, chemicals, and 
apparatus were taken the hospital from the Peking Union Medical College 
Peking. 

One (Miles) studied the blood chemistry patients throughout the 
month May 1923 and made attempt determine the calcium and phos- 
phorus balance. Difficulties led the abandonment the latter work. 

order determine the calcium and phosphorus the blood under the 
ordinary conditions has been our purpose place the patients approximate 
home diet, which the case these people meager, consisting entirely cereals 
and limited amount vegetables, with milk, meat, eggs. The principal 
article diet millet eaten least once day the form thin gruel made 
the whole seeds, which have been partially hulled, boiled water which may 
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added few chopped pieces onion garlic, some other vegetable. 
small quantity usually variety turnip radish which has 
been preserved salt brine, eaten with the millet gruel. Another vegetable 
eaten the same way prepared placing the green leaves bean 
brine, thus making sort sauerkraut the bean leaves from which comes the 
entire salt the diet. Only about gm. this salt vegetable are consumed 
atameal. Millet also prepared steaming”’ the seeds. 

Wheat flour products are eaten once day those who can afford them. 
Steamed bread made wheat flour; the dough is, rolled thin and baked 
unleavened cakes; wheat flour eaten the form noodles with usually 
certain proportion (about per cent) flour made from green soy beans. There 
are few vegetables the regular dietary. The called Chinese celery-cabbage, 
pai ts’ai, eaten large quantities throughout north China, but pai ts’ai not 
cultivated extensively the region affected osteomalacia, and poor women ob- 
tain little it. bleached inner leaves are eaten, boiled fried. Onions, 
garlic, and another variety salt vegetable prepared from the leaves and stalks 
the mustard plant are used extensively. Small quantities bean curd are eaten 
those who can afford it. 


Preliminary Observations. 


Ten patients with osteomalacia were placed breakfast consisting millet 
gruel, two steamed wheat flour bread rolls, and about gm. salt turnip; 
dinner wheat and bean flour noodles with pai ts’ai and garlic; and supper dry 
steamed millet. This diet was not varied until therapeutic measures were insti- 
tuted the second stage the experiment. This diet not exactly similar the 
home diet two important respects, the first place three meals were served 
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the hospital these patients all others while home the patients ate only 
twice day, and often far more restricted amount. 

the end the 1st week the diet the blood was analyzed for calcium 
and phosphorus and the carbon dioxide-combining power the plasma was 
ascertained. The blood calcium was determined the Kramer-Howland (9) 
method; the phosphorus, the Briggs (1) modification the Bell-Doisy method; 
and the power, the Van Slyke (24) method. The results are 
presented Table 


will seen that the calcium content the serum was some 
cases less than half the quantity considered normal and the 
highest determination only about three-quarters the normal. 

The phosphorus the blood varied greatly, some the patients 
showing marked deficiency while others had content within nor- 
mal limits. Maxwell (13) quotes theory Read that the diet 
osteomalacia patients, being rich acid-producing ash, might 
cause changes the acid-base equilibrium the body fluids with 
result acidosis and removal the lime from the bones. The 
results the determination the carbon dioxide-combining power 
the plasma not indicate acidosis. 

The variations from normal blood calcium and phosphorus 
seemed depend directly the severity the disease and its dura- 
tion. Salient points the histories these patients together with 
their pelvic measurements are presented Table II. will seen 
that the three patients, Nos. and having the disease for 
year less, the calcium and phosphorus contents the blood were 
more nearly normal than any the others, and further that the 
degree pelvic deformity was not great. While most the pa- 
tients had symptoms first during lactation, two them had never been 
pregnant, one the symptoms coming after the menopause; while 
another had had two early abortions before the fetus could have 
caused severe calcium drain; and yet another the disease began 
the onset the menstrual function. The menstrual flow these 
patients was uniformly scanty and the cycle irregular. would 
seem, therefore, that the drain calcium incident pregnancy and 
lactation not absolutely essential factor producing the disease. 
Nor does appear that the functioning the ovaries the men- 
strual activities play major causative since all these pa- 
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TABLE 


Patient No. 


Duration 


disease. 


yrs. 


No. 


n 


on 


Re UN 


abor- 


preg- 
ancies. 


tions. 


Relation onset disease 
to pregnancy. 


None. 
During last lactation. 
Began before first preg- 
nancy onset men- 
struation. 
After first delivery. 
During last lactation. 
first “ 
Pregnant mos. admis- 
sion; marked exacerba- 
tion all symptoms. 
Aborted hospital. 
None. 


During first lactation. 


tients the ovarian function was faulty evidenced scanty men- 
struation and irregularities the menstrual cycle. 

After completion the blood analyses the standard diet the 
patients were treated follows, without variation the diet save 
noted below: 

Patients and received cc. cod liver oil and gm. calcium 
lactate per day; Patients and had gm. calcium phosphate per day; 


Tetany. 


“ 


“ 


Pelvic measurements. 


cm cm. cm. cm. cm. 


Patient had gm. calcium lactate per day; Patients and were 
placed liberal diet including milk, eggs, and plenty fresh vege- 
tables; Patients and had cc. cod liver oil per day. Patient 
left the hospital the end the first period. After days the 
treatment the blood was again analyzed for calcium and phosphorus. 
The results are presented Table 
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will seen that the four patients, Nos. and 10, whom 
was given cod liver oil, either alone with calcium salts added, all 
show net gain blood calcium compared with the first findings. 
Those receiving calcium salts with oil also showed two cases 
increase the blood calcium with alteration the third. The two 
patients liberal diet showed contrast decrease blood calcium. 
The variations the phosphorus content the blood were without 
regularity. 

The four women treated with cod liver oil alone, combined with 
calcium lactate felt much improved and said that their pains were less. 
observed that they moved about the ward and took more interest 


TABLE 
Patient No. Blood calcium per 100 cc. serum. Blood 100 

mg. mg. 

6.0 2.61 
5.8 2.9 
8.7 1.0 
6.21 
4.6 4.1 

6.6 

6.6 2.95 

1.95 


life than formerly. Patient who had received only calcium 
phosphate was decidedly worse, complaining more pain, and could 
hardly move. Patients and who had been liberal diet were both 
clinically worse than the beginning the experiment. these 
women were both suffering from early acute attack the disease 
the finding not strange especially the case Patient who had 
spontaneous abortion months fetus and did not take her diet well 
afterwards. 

While this first experiment gave suggestive results treatment 
the disease, felt that would not satisfied until the work was 
repeated and complete metabolism experiment carried out. 
returned P’ing Ting Chow for the purpose March 1924. 
the interim Dr. Wampler had been pushing campaign treatment 
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along the lines indicated, with such successful results that most the 
women knew they could obtain medicine for relief their pain, and 
were loth experimented upon. Finally, Dr. Wampler subsidized 
four women enter the hospital and stay there until such time 
were with our results. The same arrangements were 
made for their accomodation 1923. They were kept well 
ventilated ward but not exposed direct sunlight throughout the 
experiments. 


Final Observations. Control Period. 


Patient Liu Shih, aged years, married years, and has had osteo- 
malacia years. The onset symptoms was the later months her first 
pregnancy and the symptoms became much worse during the puerperium. Men- 
struation began the age and has been quite regular, the cycle being 
days with moderate flow to4 days. She has had six pregnancies from which 
two children are living, the oldest now years age while the youngest was 
delivered Caesarean section years ago. Two other pregnancies terminated 
prematurely, and the other two one child lived days and the other was born 
dead. 

She has had other severe illnesses, her personal habits are good, her diet 
the usual one for this region and she does work but little hand sewing. Her 
feet are bound. Her mother was also afflicted with osteomalacia but other 
members the family have had the disease and one her husband’s family. 

Physical Examination.—Height 127.5 cm.; sitting height cm.; leg length 
cm.; weight 34.8 kilos. The head normal except for some teeth that are loose 
but without caries. The lymph glands the posterior triangle the neck, the 
epitrochlear, and inguinal region are al] enlarged and hard. The skin the back 
and the anterior surfaces both has many pigmented scars. 

The dorsal spine has marked curve which uniform without any sharp angles 
and the sternum has pronounced anterior convexity, the head and neck have 
sunken between the shoulders, the chest greatly increased anteroposterior 
diameter and the ribs are flattened the sides with marked groove and thick- 
ening the costochondral junction. The thoracic and abdominal organs are 
normal. 

The patellar reflex exaggerated, patellar and ankle clonus are easily elicited, 
the biceps tendon reflex and the forearm reflexes are lively. Signs tetany are 
not present. 

Pelvic Measurements.—Interspinous 19.5 cm.; intercristal cm.; intertrochan- 
teric cm.; external conjugate 17.5 cm.; interischial 2.5 cm. 

Laboratory urine normal. The blood count shows red blood 
corpuscles 3,200,000; white blood corpuscles 9,100. The Wassermann reaction 
4+. 
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Diagnosis.—Osteomalacia and syphilis. 

Patient Shih, age years, married years age; has had 
osteomalacia for years. She has had only one pregnancy, years ago. The 
child lived year. began the puerperium. Symptoms are worse 
winter and milder summer. Menstruation began years age, and has 
always been irregular and scanty. She may have interval several months 
without period. 

There has been other sickness, her habits are regular, and her diet the usual 
one. Her feet are bound. other members her family have been afflicted. 

She denied tetany but stay the hospital had typical attack. 

Physical Examination.—Height 125.5 cm.; sitting height 68.5 cm.; leg length 
weight 31.1 kilos. The head negative except for looseness the teeth, 
which not show caries. The lymph glands are not enlarged. The back 
bowed forward but the compensatory lordosis not marked. The sternum 
convex anteriorly but not marked. The chest flattened laterally but the 
costochondral junction not thickened externally. Thoracic and abdominal 
organs are normal. The patellar, biceps, and forearm reflexes are lively, clonus 
could elicited. Signs tetany were absent. (Owing other pressing work this 
patient was not examined until after the conclusion the therapeutic experiment.) 

Pelvic Measurement.—Interspinous cm.; intercristal 21.5 cm.; intertro- 
chanteric cm.; interischial cm.; external conjugate cm. 

Laboratory urine normal. The blood count shows red blood 
corpuscles 2,400,000; white blood corpuscles 7,300. Wassermann negative. 

Patient 3.—Jen Shih, age years, married years age, has had osteo- 
malacia for years. She had had five pregnancies. The oldest two children are 
living, aged and years, while the other three children were still-born. The 
onset her disease was the later months her first pregnancy with pain her 
back and hips, which became much worse during the puerperium. The symptoms 
are winter. She had attacks tetany. 

Two the patient’s sisters also have the disease but noother membersof family 
are afflicted. Menstruation began years age, and has always been irregular 
with frequently The flow scanty and lasts only days. 

Physical Examination.—Height 132.5 cm.; sitting height cm.; leg length 
cm.; weight 42.8 kilos. The head normal and the regional lymph glands 
are not enlarged; the vertebral column bowed forward but alesser 
most patients present. The sternum convex anteriorly, the chest flattened 
laterally, and the costochondral junctions are thickened. The thoracic and ab- 
dominal organs are normal. Reflexes are exaggerated but clonus elicited. 
Signs tetany are absent. 

Pelvic Measurements.—Interspinous cm.; intercristal cm.; intertrochan- 
teric interischial cm.; external conjugate cm. 

Laboratory urine normal. The blood count shows red blood 
corpuscles 4,000,000; white blood corpuscles 11,000. Wassermann negative. 
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Patient 4.—Ch’en Shih, age years, married years age, has had the 
disease for eight years. She has never been pregnant. Her symptoms are worse 
winter. She has never had tetany. Menstruation began years, always 
irregular. The menopause came year ago, and there has been improvement 
since. died osteomalacia; other members family afflicted. 

Physical Examination.—Height 126 cm.; sitting height cm.; leg length 
cm.; weight 30.5 kilos. The head negative except for pyorrhea. There are 
enlarged glands. The back very much bowed and the head sunken between 
the shoulders. The sternum markedly convex anteriorly and the chest flat- 
tened laterally. The costochondral junctions Her feet are bound. 
Reflexes are exaggerated but there are signs tetany. 

Peivic Measurements.—Interspinous cm.; intercristal cm.; intertrochan- 
teric cm.; interischial cm. (practically apposition); external conjugate 
cm. 


Laboratory Findings.—The urine normal. The blood count shows red blood 
corpuscles 3,400,000; white blood corpuscles Wassermann negative. 


will noticed that three the four cases give definite history 
the onset the disease during the first pregnancy the puerperium, 
while the fourth patient had never been pregnant. The symptoms 
may have begun during pregnancy but were all exaggerated the puer- 
perium, owing undoubtedly the custom placing parturient women 
diet limited thin millet gruel, the patient consuming not over 
ounces millet per day for days. The menstrual cycle 
all was irregular and the flow scanty. All have more less constant 
pain but the condition alleviated summer. the four have 
had tetany. the physical measurements will seen that the 
deformity greatest the bones the trunk, the pelvis, the verte- 
bral column, the sternum, and the ribs. The normal relation 
the length the sitting height the leg length reversed. The 
deformity the chest marked and resembles that rickets that 
the sternum convex anteriorly and the chest flattened laterally 
that the anteroposterior diameter greater than the transverse. 
two instances the costochondral junctions are thick and present 
“rosary.” 


The diet and Chinese women not adapt themselves well 
metabolism experiments. After week’s effort, diet was selected which satisfied 
the patients and the exact amount each could and would eat per meal was de- 


termined. This having been accomplished the patients cooperated well the end 
the experiment. 
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The diet consisted preparations wheat and green soy bean flour, millet, 
pai ts’ai, garlic, salt vegetable, and salt mustard leaves. 

Allowing for individual differences quantities eaten per day, which was de- 
termined beforehand, the average daily ration each patient was follows: 

Breakfast: 133 gm.ofwheat flour the form steamed gm. millet 
gruel; gm. salt turnip. 


TABLE IV. 
Sal 
Phosphorus, per cent.......... 0.3295 |0.3349 .060 


Dinner: 150 gm. wheat flour made into thick dough, rolled thin, and baked; 
170 gm. pai ts’ai, and gm. garlic boiled together. 

Supper: 100 gm. wheat flour and gm. green soy bean flour rolled into 
noodles and boiled; gm. mustard leaves and stalks, and gm. garlic boiled 
together. 

Numerous samples these foods were dried water bath drier and taken 
Peking average percentages calcium and phosphorus contained 
the foods are shown Table IV. 

Analysis the calcium was performed the gravimetric method McCrud- 
den (12) and the phosphorus determinations were done the standard ammonium 
molybdate-magnesia mixture method. All analyses were quadruplicate. 

The diet and the quantities each article food together with the total quan- 
tity both calcium and phosphorus contained the total food consumed each 


TABLE 
Total 
Patient Wheat Bean Mustard Salt Total 
No. flour. Millet. flour. Garlic. leaves turnip. calcium. 
gm. gm. gm. gm. gm. gm. gm. gm. 


2,681 350 210 110 280 3.5630 11.4857 
2,331 350 140 1,190} 110 280 3.2285 10.0657 
2,681 350 210 110 280 3.5630 11.4857 
2,331 350 140 110 280 3.2285 10.0657 


patient for days are shown Table The diet adequate from the 
caloric standpoint, yielding does over 2,000 calories per day. 

The food was prepared under our personal supervision, each person’s food being 
prepared separately. Distilled water was used prepare and cook the food and 
make the tea provided. 
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Shohl and Sato (20) estimate the calcium requirement the 
average person per kilo weight per day 0.0153 gm. order 
remain state calcium balance. (3) considers that 
the minimum phosphorus pentoxide required individual 
0.06 gm. per kilo per day, 0.0261 gm. phosphorus per 
kilo per day. Table presents the actual daily consumption 
calcium and phosphorus grams and also the quantities both 
calculated from the above figures, which are required the patients 
per day, judging from their weights. The diet given, though 


TABLE VI. 
Intake Dail Daily diet Intake Dail Daily diet 
gm. gm. gm. gm. gm. gm. 
0.4612 0.4758 —0.0146 1.4365 0.8117 
TABLE VII. TABLE VIII. 
Total ‘ota Total 
Patient No. phosphorus Patient No. phosphorus 
days. urine, days. ays. feces, days. 
gm. gm. gm. gm. 


undoubtedly more liberal than the home diet still deficient cal- 
cium, though adequate phosphorus. 


Metabolic Observations.—The urine days was collected bottles and ana- 
lyzed hour samples for calcium and phosphorus. McCrudden’s (12) titra- 
tion method was used for the calcium with one slight modification. When the 
precipitate calcium oxalate was collected the filter and washed according 
his method, instead punching the filter and washing the precipitate into 
flask and then adding cc. concentrated added directly the filter 
without perforating cc. solution containing cc. dissolving the 
precipitate the filter, then perforating the filter paper, washing thoroughly, 


= 


LEE MONROE MILES AND CHIH-TUNG FENG 147 


and titrating out. Phosphorus was determined the Briggs (1) method. All 
was done duplicate. 

The feces the days were dried and taken Peking where they were ground 
mortar, and thoroughly mixed. Samples were ashed, the calcium determined 
McCrudden’s (12) gravimetric method and the phosphorus the standard 
gravimetric method which ammonium molybdate used, and the final precipi- 
tation effected with magnesia mixture. Table VII gives the total quantities 
urinary calcium and phosphorus grams for the week, and Table VIII gives 
similar data for the feces. Table shows the relation intake output both 
calcium and phosphorus. 


IX. 
Calcium. Phosphorus. 
Patient No. Intake. Excretion. Intake. Excretion. 
gm. gm. gm. gm. gm. 
TABLE 
Patient No. per 100 cc. serum. Phosphorus per 100 plasma. 
mg. mg. 
1.83 
6.395 1.24 
2.42 
5.810 


Table are presented the calcium content the blood serum and phosphorus 
content the blood plasma determined the end the 1st week. Calcium 
was determined this and the subsequent experiment the Tisdall (21) modi- 
fication the Kramer-Tisdall method, and phosphorus the Briggs (1) method. 


DISCUSSION. 


Three the four patients had negative calcium balance and all 
had positive phosphorus balance. These results are accord with 
the previous findings. The figures various authors will found 
Table XVI. There are two possible explanations for the negative 
calcium balance, one that the expression the calcium deficiency 
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the diet, the other that the diet lacks some element which serves 
activator the retention calcium. 

Park (17) deduces from numerous experiments that the antirachitic 
vitamine not that ordinarily designated but another element 
closely related and found the same substances, such cod 
liver oil and animal fats, but not oxidized like Mellanby (14) 
has shown that animals fed cereal diet develop rickets although 
the diet contains abundance food elements good proportion, 
with the sole exception the fat-soluble vitamine. His experiments 
point toxic action the cereals—the degree toxicity varying 
directly with the quantity cereals ingested. The toxic action 
supposedly overcome adding fat-soluble vitamine the diet. 
Since the patients with whom are concerned had lived almost 
exclusively cereal diet their failure utilize calcium might due 
such The positive phosphorus balance spite 
low blood content may accounted for the assumption that, 
with rest good bed, improved hygienic conditions, diet more 
liberal quantity than that which they were accustomed, and 
freedom from worry, the patients had taken flesh. Noorden 
(23) says that with increase weight the takes phosphorus 
certain proportion and phosphorus retained. Unfortunately 
the patients were weighed only once during the experiment. 

Patient whose calcium intake deficiency was most marked all 
was, nevertheless, state positive calcium balance. She was 
old patient the hospital and had received two courses treatment 
with cod liver oil and calcium phosphate, the last which was the 
fall 1923, about months before this experiment was begun. 
She was much improved that she asked come into the hospital 
the metabolism squad. She was the most active physically the 
four patients. Tso (22) has observed rickets that, even after 
short course treatment cod liver oil, the x-ray shows bone 
development for much more months after cod liver 
oil has been discontinued. There may have been similar happening 
this patient. 

The calcium and phosphorus the blood all the patients were 
below the normal limits. Other investigators have given various 
figures. According Korenchevsky (8), Marquis found mg. 
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calcium; and Capellani (1909) 44.9 mg; Aschenheim, Adler 
(1912) alone found nearly normal calcium content the blood 
osteomalacia patient— 9.8 mg. CaO. Scott (19) investigating 
osteomalacia India reports blood calcium higher than patients 
with other diseases. her experiments the Wright method was used. 
the Peking Union Medical College Hospital the blood many 
patients not rachitic osteomalacic has been studied and the calcium 
and phosphorus found correspond the standards for Europeans 
and Americans. more than likely that investigators using the 
latest methods will find that the blood calcium content osteomala- 
cia low. The duration the disease seems without any 
marked influence. our first series ten cases there was 
diminished calcium content all and three these were early 
cases. 


Final Observations. Period Treatment. 


The patients were continued the basal diet and Patient cod 
liver oil doses cc. three times day was given; Patient received 
the same quantity the oil and addition gm. calcium lactate 
per day; Patient received the oil and gm. calcium phosphate 
per day; Patient received cc. olive oil three times day and 
gm. calcium lactate per day. 

The patients were kept this régime for days, and the feces 
and urine were collected the last days the period. 

The calcium salts were analyzed and Table the actual amount 
calcium and phosphorus thus administered the week are added 
the calcium and phosphorus taken the food. 

Patient was still diet deficient calcium the first experi- 
ment, while all the others added the diet provide 
more than bare sufficiency. The urine and feces were examined 
during the control period. Table XII are shown the total calcium 
and phosphorus excreted for the days urine; and Table XIII pre- 
sents the figures for the feces. Table XIV shows the relation the 
calcium and phosphorus intake excretion and the balance the two 
for the period. 

The blood calcium and phosphorus are given Table XV. 
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TABLE XI. 
Patient No. Total calcium ingested, days. Total phosphorus ingested, days. 
gm. gm. 
3.5811 
4.4083 
TABLE XII. TABLE XIII. 
Total Total Total Total 
days. urine, days. days. feces, days. 
gm. gm. gm. gm. 
0.8276 1.9445 2.6911 
TABLE XIV. 
Calcium. Phosphorus. 
Patient No. Intake. Excretion. Intake. Excretion. 
gm. gm. gm. gm. gm. gm. 
TABLE XV. 
Patient No. Calcium per 100 cc. serum. Phosphorus per 100 cc. plasma. 
mg. mg. 


1.83 
8.197 2.10 
9.57 3.02 
8.58 1.64 
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DISCUSSION. 


For the sake clearness the cases will taken order, and the 
results the two periods compared. 


Patient 1.—This patient was kept almost identical diet throughout— 
one deficient calcium. After the addition cod liver oil the calcium balance 
changed from negative positive one and the blood calcium rose from 7.503 
8.62 mg. per serum. The weekly calcium output the urine was very 
high both periods but the second the output the urine and feces was less 
than the first, which will account for the change the balance and for the 
increase blood calcium. The change the phosphorus balance was very slight 
and there was alteration the blood phosphorus. 

The findings suggest that there the cod liver oil some element which 
osteomalacia materially influences the retention calcium the system even 
the presence deficiency the food. Clinically the patient was greatly im- 
proved. admission she would not leave the bed and sat with head supported 
pillow held the arms, but the end the second period she was volun- 
tarily leaving her bed for chair and would walk thelength the ward, though 
was slow work. 

Patient cod liver oil and calcium lactate had been added 
ard diet the calcium balance changed from slightly negative markedly positive. 
The calcium the urine increased the second period but the feces there 
occurred decrease. The blood calcium rose from 6.395 8.97 mg. The phos- 
phorus balance was more strongly positive than the first period and the blood 
phosphorus increased from 1.24 2.10 mg. The patient was clinically much 
improved. 

Patient calcium phosphate and cod liver oil had been added the 
diet even more marked changes occurred. The calcium balance changed from 
0.4402 3.2870 gm. and the phosphorus from 2.24453 6.1040 gm. 
while the blood calcium and phosphorus were profoundly affected. Calcium 
phosphate contains more calcium the molecule than the lactate the patient 
got correspondingly greater amount calcium, and phosphorus addition. 
this case again the calcium the urine was increased and that the feces de- 
creased. this and the previous case see even more marked effect the 
cod liver oil than Case 

both cases there was now deficiency calcium the diet and the patient 
was enabled utilize and retain relatively large amounts calcium. The re- 
tention the calcium called for corresponding retention phosphorus which 
was seen the increase the balance ratio and also the blood. 

Patient 4.—This patient was given, addition the regular diet, cc. 
olive oil and gm. calcium lactate per day. The olive oil was given because 
did not want this patient feel that she was treated differently from the others; 
and felt that over short period the olive oil would probably produce 
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effect the calcium metabolism. The calcium balance remained negative, 
though less degree the second period than the first. The calcium the 
urine remained almost stationary, with big increase the amount excreted 
the feces, reversal the condition the others. The blood calcium was in- 
creased almost proportion the others. This may taken mean that the 
calcium absorbed from the intestine and goes increase the blood calcium 
but unless utilized the tissues returned the digestive tract and excreted. 
The change the balance calcium and the increase blood calcium prob- 
ably due temporary storage calcium the blood and not metabolized 
calcium. The blood phosphorus remained practically stationary with small 
change the total phosphorus balance. Clinically the patient was unimproved 
and she complained that the other women felt like moving little while she did not. 

that these patients with osteomalacia there was deficiency calcium 
the diet. This may have had effect producing the disease but there was 
another deficiency greater importance than the calcium, namely that some 
substance which enables calcium utilized. This substance appears 
present cod liver oil. Increasing the calcium the diet Case did not im- 
prove hercondition nor produce absolute positive balance. Yet with- 
increase the calcium the diet and only the additionof the cod liver 
oil there were clinical improvement, retention, and utilization calcium. 
cases and with the deficiencies the diet made the addition both cal- 
cium salts and cod liver oil the changes were correspondingly marked. 

The salient findings previous workers are summarized Table XVI. 

The articles von Limbeck (10), von and Sauerbruch (18) were 
not available the original. the other reports which are hand account 
was taken the original diet the patients. Neumann (15, 16) does not record 
the weights his patients either series experiments impossible 
determine whether not they were receiving sufficient calcium the diet given. 
the case reported Goldthwait al. (4) the calcium intake during the first 
period was 0.4073 gm. per day while the amount required the patient per day 
was 0.4110. There was deficiency. their second period the intake was 
0.5119 and the required calcium per day, taking into account the gain weight, 
was 0.4345 gm. With this sufficiency and diet containing all the necessary food 
elements including the vitamines, the change calcium balance would probably 
have taken place without castration. both the cases described Hotz (5) 
the calcium intake was sufficient, the first patient’s requirement being 0.4681 gm. 
per day and the second, 0.6579 gm. per day. 

The therapeutic measures did not meet with uniformresults. (16) 
observed his first case change from negative calcium balance positive 
following castration, whereasin second there was less calcium retained the 
patient after castration than before. von (7) gave ovarian extract 
tablets and noted one case marked loss calcium whereas his second case 
there was more calcium retained than the control period. After phosphorus 
Sauerbruch (18) and Hotz (5) observed temporary retention calcium but 
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TABLE XVI. 


von Limbeck (10), 1894. 
Early osteomalacia. 


Neumann (15), 1894. 
Early puerperal osteomalacia. Diet, 
milk and soup. 
Same case mo. later, same diet. 


Neumann (16), 1896. 

Early puerperal osteomalacia. Diet, 
milk, soup, eggs, wine, rolls. 

Same case wks. after castration. 

Advanced osteomalacia. Same diet 
above. 

Same case days after chloroform an- 
esthesia lasting min. 

Same case days after castration. 

Advanced case 5th mo. tenth 
pregnancy. Same diet above. 

Same patient days after hystero- 
oophorectomy. 


von Korczynski (7), 1902. 
Puerperal osteomalacia. 
Mixed diet. 
Vegetable diet. 
Mixed diet. 


“ 


Ovarian extract tablets. 


Nullipara. 
Mixed diet. 
Vegetable diet. 
Mixed diet. 
Ovarian extract tablets. 


Observation. 


Calcium. 


Intake daily. 
Output daily. 
Balance daily. 
Intake daily. 
Output daily. 
Balance daily. 
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TABLE XVI—Concluded. 


Sauerbruch (18), 1902. 
Vorperiode. 
Nachperiode. 


Goldthwait, Painter, Osgood, and Mc- 
Crudden (4), 1905. 
Nullipara. yrs. old Mixed diet. 
Same patient few months cas- 
tration. Mixed diet. 


Hotz (5), 1906. 

Advanced osteomalacia. Mixed diet. 
Vorperiode. 

mg. phosphorus daily. 
Phosphor periode. 
Nachperiode. 

0.9 gm. fresh gland daily. 
Thyreoideaperiode. 

Longstanding advanced osteomalacia. 
Mixed diet. Vorperiode. 

mg. phosphorus daily. 

0.9 gm. fresh gland daily. 
Thyreoideaperiode. 


Calcium. 

Q =| 3 = 
days gm. gm gm gm. | gm. gm. 


the Nachperiode the loss was more marked than begin with. Theadministra- 
tion thyroid extract tablets was one Hotz’s (5) cases bya positive 
calcium balance and the other marked negative balance. 

The results ofhystero-oophorectomy thirdcaseare interesting 
but not unexpected. this operation the patient was relieved the drain her 
system months fetus, and beside this she was evidently not very active 
stage the diseaseas her calcium balance was positive before operation. 


There marked seasonal variation the severity osteomalacia 
which was observed all our patients, corresponding with those 
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observed rickets and called hunger-osteomalacia This 
summer remission might explained the ground that then the 
women are more exposed the sun’s rays. However, the patients 
all begin improve the early spring months, and not get out into 
the sun until later. Their primary improvement probably due 
principally more fresh green vegetables. have shown that even 
when confined the hospital without sunshine these patients 
improve when given the necessary vitamine their diet. 

would seem, then, that osteomalacia deficiency disease. 
There lack calcium the food and also substance which 
enables the calcium utilized. The argument that because 
there was corresponding increase pregnancy-osteomalacia 
Europe the time the hunger-osteomalacia was prevalent, the two 
are separate entities, far from convincing. everyone knows, 
times general food shortage and famine the infants and aged 
suffer more severely than the strong people middle life. The pa- 
tients with hunger-osteomalacia were mostly old secluded life. 
Such persons would the first suffer and the food shortage 
lasted less than years, naturally the diet deficiency did not reach the 
women child-bearing age. The term hunger-osteomalacia 
misnomer. 

Food deficiency relative term. ‘The very poor Chinese who are 
compelled work hard the fields are not afflicted with osteomalacia 
the same degree were our patients who were mainly the middle 
class. Such women work, and winter sit all day brick 
bed which slightly warmed. consequence their appetites and 
digestions are poor and they eat too little. Their sisters the labor- 
ing class have work and bodily activity keep appetite for more 
the same kind food. The deficiency calcium made 
the larger intake also the vitamine content some extent and 
they escape the disease. 

has been commonly held manifes- 
tation late life the conditions that produce rickets infants and 
rachitis tarda adolescence” (26) Park (17) states, “Increasing 
knowledge concerning rickets has made necessary broaden the 
view regard the characteristic pathology and admit the disease 
all disturbances metabolism which lime salts cease deposited 
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the bones and cartilage.” not osteomalacia also manifestation 
the same diet deficiency? Our results would bear out this assump- 
tion. The blood findings are like those rickets with tetany. 
Tetany and hyperexcitability the muscles, and reflexes are almost 
universal among these patients with osteomalacia. Our therapeutic 
test also tends confirm the view. 


CONCLUSIONS. 


Osteomalacia diet deficiency disease the same category 
rickets. deficiency principally the fat-soluble vitamine con- 
tent the diet, though there may calcium deficiency the same 
time. 

The disease may prevented providing diet rich the fat- 
soluble vitamine content, and may cured adding the same the 
diet. 
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the light the experimental facts which have accumulated since 
Baldwin’s (1) first investigation the problem, would seem clear 
that the tuberculin reaction cannot regarded manifestation 
typical protein anaphylaxis. While true that all the phenomena 
protein anaphylaxis with all the demonstrable mechanism that this 
term implies can simulated experiments with bacterial sub- 
stances, everyone who has worked the subject will agree that 
matter considerable difficulty accomplish this. Both active 
and passive sensitization with bacteria require special and intensive 
methods (2) and the results, while recognizable and valid, are never 
clear-cut simple interpretation are the classical experi- 
ments easily performed with, let say, horse serum egg white. 
This probably due the relatively small amount coagulable 
protein present the bacterial body. But, however this may be, 
the fact remains that the study true bacterial anaphylaxis has been 
disappointingly sterile its influence upon our comprehension 
infection and immunity. much more immediate significance 
these processes are those types bacterial hypersensitiveness which 
the tuberculin reactions are the classical examples, and which the 
general significance indicated the observation analogous phe- 
nomena the mallein, typhoidin, and abortin reactions, and such 
experiments our own with typhoid- and staphylococcus-injected 
guinea 

appears, therefore, that two distinct types hypersensitiveness 
may result from the contact bacterial materials with the animal 


The differences between the immediate skin reactions protein anaphylaxis 
and the tuberculin type have been discussed one our previous 
papers (6). 
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body. One these, true protein anaphylaxis, all likelihood plays 
relatively slight the phenomena bacterial invasion and 
resistance. The other, hypersensitiveness the tuberculin type 
which appears early course infection, has gained fundamental 
significance view the accumulating evidence which points 
definite relationship this type “allergy” with immunity and 
resistance superinfection (3).? 

was, course, natural that the earlier investigators ana- 


phylaxis should have hoped that the antigen-antibody mechanism 


revealed basic these phenomena might equally serve explain 
the bacterial allergies (von Pirquet and Schick and others) (4). But 
this hope has gradually been abandoned for the following reasons. 

The inciting substance (tuberculin) not ordinary coagula- 
ble protein, not biologically altered heat, and does not lose its 
properties repeated alcohol precipitation. studies our 
laboratory (Mueller) indicate that probably contained what 
have hitherto spoken nucleoprotein fraction the bac- 
terial extracts, substance which its immunological relations 
shows considerable differences from the coagulable proteins concerned 
true anaphylaxis. 

Anaphylaxis tuberculoprotein may induced guinea pigs 
repeated injections tubercle bacillus extracts, but these animals 
need not, and usually not, become tuberculin-sensitive. Con- 
versely, infected guinea pigs are tuberculin-sensitive within weeks 
after infection without showing any evidences being anaphylactic 
(Baldwin (1); Zinsser (6)). Skin sensitiveness tuberculin has, 
been obtained limited number animals in- 
tensively treated with the called nucleoprotein fraction the 
bacterial extracts, but the identity this reaction with true tuber- 
culin allergy unclear, owing the mild and temporary nature 
the reactions obtained. 

Passive transfer tuberculin sensitiveness with sera containing 
antibodies has not been clearly demonstrated. 


This relationship was first suggested Koch’s work superinfection. 
was distinctly voiced von Behring and definitely set down possibility 
Krause 1916. Our own yet unpublished work with Petroff, Ward, and Jen- 
nings tending corroborate it. 
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appears that the development typical tuberculin sensitive- 
ness not dependent upon the successive injection dissolved ba- 
cillary extracts which may followed antibody formation, but 
depends, rather, upon actual infection with bacilli. This fact, clearly 
stated Baldwin, Krause (7), and others, that there tuberculin 
sensitiveness without tubercle, has vindicated itself our own work, 
and although, with Petroff, have succeeded inducing perfectly 
satisfactory tuberculin reactions the injection dead tubercle 
bacilli, have failed with all fractional preparations these organ- 
isms except the isolated nucleoprotein experiments cited above. 

That this association tuberculin type sensitiveness with infec- 
tion rather than with immunity and antibody formation finds its 
analogy similar reactions with other bacteria the utmost 
significance view the general conclusions which believe are 
developing from our present work. Thus Fleischner and Meyer 
(8), investigation cutaneous reactions guinea pigs treated 
with the bacillus bovine abortion, found that typical skin reactions 
occurred only animals which autopsy showed characteristic 
lesions infection. Immunized animals and normal ones gave 
intracutaneous reactions, and that had been intensively 
immunized intraperitoneal injections dead abortus 
(or extracts) showed cutaneous hypersensitiveness single 
instance, although agglutination reactions were usually positive. 
This complete analogy with our own observations tuberculosis, 
well those others. 


appeared that great progress could hoped for toward 
further comprehension the tuberculin and similar reactions until 
the relationship these occurrences antibodies, free sessile, 
had been more clearly defined. approaching the problem experi- 
mentally, seemed that, addition direct investigation the 
tuberculin phenomena, would helpful make use other bac- 
terial antigen-antibody reactions which potent antisera could 
more easily obtained than tubercle bacillus experiments. 

may remembered that previous studies different bacteria 
obtained two biologically active substances which were designated, 
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respectively, the “nucleoprotein fraction” and the “bacterial resi- 
The nucleoprotein fraction, called because precipita- 
bility with acetic acid the cold, constituted the bulk the material 
obtained extraction, and, the case tubercle bacillus extracts, 
always gave potent skin reactions. The residue material, which 
was left after removal nucleoprotein and coagulable protein, still 
gave skin reactions tuberculous guinea pigs, and, the case 
the tubercle bacillus, well that all other bacteria from 
which such material was obtained, was actively precipitated ho- 
mologous antisera. Because, our early experiments, both the 
nucleoprotein and the residue gave skin reactions, the nucleoprotein 
fraction always somewhat more potently than the residue, sug- 
gested, that time, the possible derivation the residue, cleav- 
age, from the nucleoprotein, but were unable demonstrate this 
satisfactorily experiment. that time separate 
the antigenic substance responsible for skin reaction from that react- 
ing with the antibodies vitro, but failed accomplish this. But, 
since the residue materials all cases reacted strongly and specifi- 
cally with homologous antibodies vitro, there seemed logical 
reason for questioning the capacity this substance for similar 

reactions the animal body. was, therefore, least conceivable 
that one possible explanation the tuberculin type reaction might 
consist union these non-protein residue substances with sessile 
antibodies, process entirely analogous the mechanism protein 
anaphylaxis, except that this case the reacting antigen consisted 
these residue materials instead the coagulable proteins,—this 
circumstance perhaps accounting for the physiological differences 
between the two phenomena. 


Experiments upon Passive with 
Antiserum. 


Since Antipneumococcus Type serum can easily obtained, our 
experimental procedure consisted simply injecting varying and 
considerable amounts antipneumococcus serum into light colored 
guinea pigs not less than 400 500 gm. weight, and testing them 
intracutaneously with the pneumococcus residue material inter- 
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vals ranging from few hours several weeks. The methods 


which the residue was made have been described detail pre- 
vious communication. was invariably produced from Pneumo- 
coccus Type grown pie plate blood agar cultures, rabbit blood 
being used avoid confusion connection with the horse antiserum 
employed the experiments themselves. These reactions were, 


every case, tested precipitation against the same anti-horse serum 
used the experiment. 


Inasmuch the technique these experiments simple, and since 
detailed description the individual protocols would needlessly 


prolong this report, believe best summarize this part our 
work, follows: 


the course months some experiments individual guinea pigs were 
done. all cases Antipneumococcus Serum Type obtained from the New York 
State Department Health the courtesy Miss Kirkbride, and from 
Dr. Benjamin White’s Laboratory Jamaica Plain, was injected. The quantities 
ranged from cc. intravenously much cc. intraperitoneally, and, 
few cases, individual guinea pigs received much cc. the Type 


serum subcutaneously and intraperitoneally, consecutive injections within 
hours. 


Intracutaneous injections 0.2 cc. the unconcentrated pneumococcus resi- 
due were made these pigs both before injection the serum, order guard 
against non-specific reactions, and from few hours after the injection until, 
many cases, weeks later, intervals varying from days week. 
the belief that there might some interference with local reactions the part 
antibodies still left the circulation, titrations circulating antibodies were 


made from time time some the pigs, the agglutination pneumococci 
and the precipitation residue. 


should mentioned that experiments this kind the greatest care must 
taken avoid non-specific reactions normal animals, since every now and 
then controi guinea pig would show marked reaction pneumococcus residve, 
without preceding serum injection. Controls which normal horse serum had 
been given were uniformly negative. Non-specific reactions were many cases 
associated with pregnancy the pigs, and later experiments male animals only 
were employed. 

Young guinea pigs less than 400 gm. weight were entirely unsuitable for the 


experiments, because their normal reactions the pneumococcus residue were 
irregular. 


the large majority the animals indications delayed skin 
reactions the characteristic tuberculin type were obtained. This 
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occurred, mild degree, which might designated from 
reactions, about per cent the animals, never, however, 
with any degree edema, the reactions consisting flat, reddened 
areas. Whenever such reactions did occur, Guinea Pig 
March 10; Guinea Pig March 12; Guinea Pig and 
few others, they were obtained injection the residue from 
hours after the serum administration. large majority the 
guinea pigs reactions whatever this type occurred, but 
considerable number them marked swelling and local edema were 
apparent hours after the residue injection, but almost completely 
faded the following morning; variety “immediate” reaction 
comparable that true anaphylaxis. many the pigs 
reaction any kind resulted. 

continued with our pneumococcus experiments for much longer 
period than had anticipated, largely because the occasional indica- 
tions mild, delayed skin reactions the tuberculin type caused 
persist increasing the quantities serum and varying the 
intervals testing. 

were finally forced conclude, however, that the administration 
antipneumococcus serum, potent specific antibodies and capable 
powerfully precipitating the pneumococcus residue vitro, does 
not render guinea pigs allergic this residue. 


Information Obtained Attempts Produce the Tuberculin Reaction 
Passively. 


While the foregoing experiments with pneumococcus materials were 
progress were, the same time, preparing rabbits various 
ways with human and bovine tubercle bacilli order carry out 
analogous experiments directly with tuberculin. Before proceeding 
these experiments, however, will advisable review briefly 
the more important investigations that have dealt with this problem. 


1909 Helmholz (12), using the cutaneous method determining tuberculin 
sensitiveness guinea pigs, injected series pigs intraperitoneally with 
cc. the defibrinated blood strongly reacting tuberculous guinea pigs. 
obtained moderate skin reactions and days after the injection the defibri- 
nated blood, the maximum reaction days later. These experiments have 
not been subsequently confirmed. 
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1910 Bail (13), employing the systemic tuberculin reaction index, 
injected guinea pigs with suspensions ground uncaseated tuberculous organs 
and glands infected animals. injected quantities 1.5 cc. into very 
light guinea pigs (200 gm.) and found that, when injected these animals hours 
later with 0.6 cc. tuberculin intraperitoneally, they died within hours, while 
animals similarly treated with normal organs hardly reacted this amount 
tuberculin. Later found that when large amounts the tuberculous organ 
suspension were introduced, namely cc., little 0.2 cc. tuberculin would kill. 

1921 McJunkin (14) injected large amounts glycerol broth cultures 
tubercle bacilli suspended per cent gelatin solution, intraperitoneally into 
tuberculous guinea pigs. These animals died the following day, and the con- 
siderable amounts sticky exudate obtained from the peritoneal cavity were fil- 
tered. These filtrates were injected subcutaneously into other guinea pigs. 
prepared other series injecting filtrates from extracts crushed abdominal 
walls and tuberculous organs infected animals. such guinea pigs obtained 
positive tuberculin reactions, but not until the 8th 12th day after injection, and, 
his third series, not until days after injection. himself suspects that his 
animals may have been actively sensitized. 

The most recent and interesting work was published Lange 1924 (15). 
Lange succeeded producing positive cutaneous tuberculin reactions guinea 
pigs injected with filtrates tuberculous foci previously infected animals. Such 
animals were repeatedly injected during the course testing and skin reactions 
became positive usually after days. some her experiments positive re- 
actions did not appear until the 10th day; others not until the 15th. Her work 
particularly interesting that she carried out controls with guinea pigs in- 
jected with filtrates extracts sterile inflammatory foci produced guinea 
pigs injection Kieselguhr, and these non-specific filtrates seemed give 


reactions easily and almost marked those appearing the animals treated 
with extracts tuberculous foci. 


Before discussing the apparent significance these results, some 
which have not been confirmed those who have attempted 
repeat them, will submit our own results, citing only the experi- 
ments which seem particularly important. 


Experiment 1.— 


Rabbits M-1, M-2, and M-3 had received intraperitoneal injections tubercle 
bacilli, human strain, No. 37, dehydrated with alcohol and ether and auto- 
claved for hour, follows: 


May 0.2 gm. dry weight. 
“ 13. 0.35 “6 “ 
“ 20. 0.5 “ “ “ 
0.5 “ “ “ 
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June Bled; strong precipitation with precipitated 

The guinea pigs used below were all tested and found negative intracutaneous 
injection O.T. 1/10 before use. 

1/10 O.T. injections dates mentioned—intracutaneous throughout—ap- 
proximately 0.1 cc. 


Guinea pigs injected June June 10. June 16. 


intravenously. Faded next but typical after 
day. 24hrs. 
Guinea Pig cc. Serum M-2 
intravenously. 
intravenously. 


Titration the Rabbit Sera against O.T. Precipitated with Alcohol and Taken 
Salt Solution. 


Serum M-1. Serum M-2. Serum 


The above experiment notable that the 7th day after injec- 
tion obtained mild but typical delayed reaction Guinea Pig 
this animal, also, there was immediate reaction hours 
comparable those described above the case the pneumococcus 
experiments. spite relatively potent precipitating titer 
these sera, therefore, little any tuberculin sensitization occurred. 
noticeable also that the animal receiving the strongest precipitat- 
ing serum, M-3, developed the weakest sensitiveness tuberculin. 

Experiment 2.—In this experiment attempted passive sensitiza- 
tion tuberculin injecting the serum intensively treated 
rabbit into guinea pigs, controlling this similar injection 
normal rabbit serum into control. 


Rabbit had been intensively treated since December 28. Between that date 
and February received eight injections suspension defatted tubercle 


Ordinary O.T. was precipitated with volumes alcohol and redissolved 
salt solution its original volume. 
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bacilli (Dreyer), then was allowed rest, and between March and May 
bacilli. The rabbit was bled May 20, days after the last injection 
37. The serum this time gave ring test with precipitated O.T. 

Tests dates mentioned with O.T. 1/10—intracutaneous—approximately 


cc. serum, Rabbit 

above. redness. 

cc. normal rabbit serum. 


obtained definite intracutaneous tuberculin reactions the 
above guinea pigs the 3rd day after the intravenous injection 
the serum. one these pigs the reaction became intensified after 
days; the other did not intensify until the 12th day. seems 
unquestionable that certain amount passive transmission the 
tuberculin reaction occurred these pigs the 3rd day, which far 
too early for the development active sensitization infection. 
Furthermore, the fading the reaction Guinea Pig which was 
negative July 25, would indicate definitely that, whatever may 
happen the future with this pig, its sensitization the serum was 
temporary and not progressive. This animal still our possession 
and gaining weight. 

Experiment the next experiment there comparison 
between the precipitating properties and passive sensitizing capacities 
the sera rabbits treated different ways. Descriptions the 
rabbits are sufficiently stated the protocols except for Rabbit 
this animal, suspecting the importance the tissue reactions 
producing the sensitizing substance, whatever may be, 
administered multiple subcutaneous injections (in this case twelve) 
small amounts living bovine bacilli. little more than weeks 
later the rabbit was bled and the tissue excised for further use, 
indicated subsequent experiments. 
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Description Rabbits. 


Rabbit Infected intravenously with bovine tubercle bacilli June 

Rabbit W.L. Treated Rabbit 

Rabbit Intensively treated with dead and then living human tubercle 
bacilli since December, 1923 (see Experiment 1). 

Rabbit Treated Rabbit 

Rabbit injections (twelve) living bovine bacilli under skin 
June 18—see above. 

All these rabbits were bled July 


Titrations Sera against Alcohol-Precipitated O.T.—July 11. 


Ring Tests. 
Rabbit Serum precipitate. 
“ “ W. 0 “ 
July July July 14. July 15. 
Guinea pigs. O.T. 1/5 O.T. 1/5 
venously. 
venously. 
venously. 


All the guinea pigs tested with O.T. 1/10 and found negative before use. 


This experiment instructive that the only powerful reaction 
obtained developed Guinea Pig which had received intrave- 
nously cc. the serum the “‘multiple lesion” rabbit (Rabbit 
fair reaction was obtained the same day Guinea Pig which 
had been injected with the serum rabbit infected with living 
bovine bacilli intravenously June These reactions were definite, 
with some edema, but necrosis, averaging from 1.5 2.5 cm. 
diameter, and well developed after hours. Neither the sera 
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that induced reactions contained any appreciable amounts precipi- 
tating antibodies, whereas Rabbits and giving practically 
tuberculin sensitization, were strong precipitating power. 
worth noting that this experiment the serum Rabbit did not 
induce allergy. The serum the first bleeding this rabbit 
May induced definite skin reactiveness, but the animal received 
further injections after that, and was bled for Experiment July 
this time instead days after the last injection. These facts 
indicate the fluctuating character the allergic substance the serum 
these rabbits. 

Experiment 4.—In order further illustrate this fluctuation the 
sensitizing property different times, have put together results 
obtained with the serum three separate bleedings Rabbit 


Injection guinea pigs. O.T. injections. 
June 30. July July July July July 


Rabbit Serum Bleeding 1/10 O.T. 1/10 Negative. 


venously. hrs. 
next 
July July 10. July 11. July 14. July 15. July 16. 
Bleeding July in- andO.T. negative. negative. negative. 
travenously. 1/10 neg- 
ative. 
July 24. July 25. July 28. July 29. July 30. 
Bleeding July 23, hrs. negative. good 
after injection cc. 1/5 
O.T. intravenously. after 
hrs. 


will seen that practically negative results were obtained with 
serum the bleedings June and July July conceived 
the idea perhaps stimulating the tuberculous foci this animal 
intravenous injection cc. 1/5 O.T. solution. That were 
close the fatal dose O.T. for tuberculous rabbits was apparent 
from the fact that another rabbit similarly injected the same day 
was dead the following morning. The serum, taken hours after 
the O.T. injection, sensitized the guinea pig that strong tuberculin 
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reaction was obtained the 5th day. Two almost identical reactions 
were obtained July and 30. have not yet repeated this 
experiment, but least suggests that stimulation the foci with 
tuberculin may give rise increased passage into the blood stream 
the substance responsible for passive allergic sensitization. 
Experiment 5.—We wish add one further compilation from our 
experimental protocols which shows that the passive sensitization 
obtained with the sera number rabbits which tuberculous 
foci had been produced could also obtained with tissue filtrates 
the tuberculous lesions made practically the same manner which 
Bail produced them, except that, like Lange, passed them through 
Berkefeld filter, remove tubercle bacilli and tissue fragments. 


Rabbit has been described preceding experiment. was one those 
that received multiple injections bovine tubercle bacilli July The tissue 
filtrate was prepared carefully excising the subcutaneous lesions under sterile 
precautions, cutting them into small bits, grinding mortar with sand, 
shaking salt solution for hours, and filtering through Berkefeld filter. 
The tissue extract from Guinea Pig was made manner analogous that just 
described above from guinea pig given multiple injections July 

Rabbit M.B.-2, the serum which was injected into Guinea Pig was pre- 
pared exactly was Rabbit 

Tested intracutaneously with O.T. cc. 


July 18. July July 22. 


Pneumococcus re- O.T. 


tract filtrate from Rab- 


bit cc. sidue negative. |Slight 
edema. 
cc. Pneumococcus res- 
idue negative. 
Intraperitoneal 
from Rabbit M.B.-2, Pneumococcus res- 
idue negative. 
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this experiment passive sensitization tuberculin was obtained 
the 5th day after injection with tissue filtrates the lesions 
Rabbit with the serum Rabbit with the serum Rabbit 
M.B.-2, treated and bled exactly was Rabbit also with the 
tissue extracts guinea pig infected with multiple lesions 37, 
days before the experiment. should added that number 
experiments which the defibrinated blood and serum similar 
guinea pigs were injected were entirely negative, were some experi- 
ments with tissue extracts similarly treated guinea pigs. 

believe that the irregularity our results, both with tissues 
and with sera, indicate that the substance which sensitizes tubercu- 
lin amount different times and under conditions for 
the determination which the necessary criteria are yet lacking. 

interesting note that repetitions experiments with the 
same positive extracts and bleedings rabbits like Rabbit always 
gave identical results, thus removing the possibility explaining the 
results accidental peculiarities the injected guinea pigs. 

the foregoing experiments have observed that the injection 
antipneumococcus sera potent precipitating and other antibody 
effects rarely gives more than slight sensitization the tuberculin 
type skin reaction when pneumococcus residue subsequently 
injected, and, most cases, completely negative, whatever the 
quantities serum injected may be, whatever time intervals 
the test injections are performed. number these cases, how- 
ever, immediate edematous and evanescent reaction appears within 
hours after the administration the serum. The passive trans- 
mission the tuberculin type skin reaction these cases seems 
have relationship whatever the antibodies capable precipitat- 
ing the residue antigen. 

Our experiments with passive transmission tuberculin sensitive- 
ness guinea pigs indicate that possible transfer this form 
allergy with the sera individual rabbits treated with tubercle bacilli; 
that such capacity for passive transmission tuberculin sensitiveness 
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ments have also been successfully performed with crushed tissues from 
tuberculous guinea pigs. have not controlled these with tissue 
extracts produced from mechanical inflammatory foci, has been 
done Lange. This part the problem will need further investi- 
gation. one occasion, however, injected pneumococcus 
extracts into pigs passively rendered allergic O.T., and obtained 
nothing, showing that certain amount specificity adhered our 
method sensitization. Normal rabbit sera never conferred such 
allergy. 


consistently apparent from the preceding experiments that 
high precipitating power for residue antigen, either pneumococcus 
serum antitubercle bacillus serum, not any way related 
capacity for the passive production allergy injected animals. 
This seems answer the negative the query had originally 
set ourselves, that indicates that allergy such the tuberculin 
phenomenon not due reaction within the animal body between 
the antibodies the serum and the non-protein residue material 
with which they cause precipitation the test-tube. Such results 
naturally encouraged resumption chemical studies the antigen, 
inasmuch they again suggested the possibility there being two 
separate materials the crude tuberculin—one concerned with the 
precipitin reaction described above, the other particularly im- 
portant regard specific tuberculin hypersusceptibility allergy. 

previous communication made one 1921, unsuccess- 
ful attempts the same procedure were made. The following 
statement, quoted from this communication, summarizes the con- 
dition which the problem was left that time. 


“Tt must stated, however, that the nucleoprotein fraction, precipitated 
from the original extracts with acid the cold, always retained tuberculin activ- 
ity. spite repeated reprecipitation and resolution, have never suc- 
ceeded entirely removing the capacity inducing skin reactions the tu- 
berculin type from these [acetic] acid-precipitable substances. This may due 
the adsorption [residue] material the heavy flakes the precipitate. 
the other hand, subsequent experiments suggested the possibility that these 
nucleoproteins (?) which constitute the bulk the soluble material the bac- 
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terial cell might represent the mother substance from which the other materials 
are 


Thus the earlier work showed that the residue material was pre- 
cipitable homologous serum more sharply than was the nucleo- 
protein, least the cases sera prepared the usual manner 
injection whole bacteria, but always retained definite capacity 
induce skin reaction tuberculous animals. were led 
entertain renewed prospects experimentally accomplishing func- 
tional separation these two materials observation made 
the course attempts purify tuberculin residue advanced 
student, Dr. Tomacek, working upon this subject under the direc- 
tion one (Mueller). these experiments seemed that 
trypsin and pepsin digestion crude tuberculin tended remove 
the skin-reactive properties without proportionately destroying the 
precipitability the tuberculin immune sera. Subsequent pur- 
suit this clue showed that similar results could easily obtained 
still further removal protein left the residue after the first 
precipitation with acetic acid the cold and after boiling acid. 
This was accomplished following these procedures precipita- 
tion with tannic acid follows: 


Experiment the Separation the Allergy and Precipitable 
Fractions Tuberculin. 


Crude tuberculin first precipitated with alcohol. This brings down both 
the skin-reactive and the specific precipitable materials. The filtrate discarded 
and the precipitate redissolved. This solution now treated with acetic acid 
the cold the same manner which first separated nucleoprotein and 
residue from extracts pulverized tubercle bacilli. The acetic acid precipitate 
representing the called nucleoprotein fraction can redissolved weak alkali 
for subsequent test. may state passing that this called nucleoprotein 
never seems into complete solution, always remaining opalescent, and 
filtered through Berkefeld filters shows considerable loss, indicating that such 
called nucleoprotein solutions are really suspensions; and while retain the 
name for convenience and believe the material protein nature, are 
means sure that these characteristic bacterial proteins are true nucleo- 
proteins. 


have omitted this quotation the words materials,” since 


our original assumption that these materials might split protein nature 
has been corrected subsequent work. 
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After removal the acetic acid precipitate, the filtrate remaining the crude 
residue which, our older work, precipitates with immune serum and still re- 
tains definite capacity for inducing skin reactions tuberculous animals. .This 
now further treated the hope removing the remnants skin-reactive sub- 
stances. After neutralization, this filtrate precipitated with concentrated 
solution tannic acid until further precipitate appears. The precipitate 
then filtered off and the tannic acid removed with barium hydroxide and with 
lead hydroxide the usual manner. 

Tests materials treated recent experiment were follows: 


Precipitation. 
Concentrated. 
1:10. 
1:10 
1:600 


Skin Reactions Performed with the Same Materials Four Tuberculous Guinea 
Pigs. 


Guinea Pig Guinea Pig Guinea Pig Guinea 


strong. 


This experiment and others like indicated that, while ab- 
solutely clean separation had not yet been obtained, 
theless possible, methods protein precipitation, obtain two 
fractions, one which, the residue, contains the materials precipi- 
tated antiserum and almost free from allergy-inducing substances; 
the other, the called nucleoprotein fraction, containing very little 
material precipitable the immune sera, but representing the bulk 
the allergy-inducing substances. The experiments have been 
sufficiently consistent convince the separate nature the two 
substances. 


GENERAL CONCLUSIONS. 
There seems further possibility questioning the opinion 


that the development tuberculin sensitiveness definitely asso- 
ciated with the development tissue reactions the form in- 
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flammatory processes; the mere development antibodies the 
injection dissolved bacterial materials does not induce allergy. 

Passive transfer tuberculin allergy guinea pigs may 
accomplished injections not only the tissue extracts the 
tuberculous foci rabbits, but also the sera such rabbits, pro- 
vided multiple, well developed, and not too advanced lesions are 
present the rabbits furnishing them. The exact criteria which 
such results can regularly obtained have not yet been ascertained; 
our results this respect, though definite, have been irregular and 
occasional. clear, moreover, that the capacity convey such 
allergic hypersensitiveness has relationship the precipitating 
capacity the serum for residue materials. 

Just the allergy-conveying power the serum and its pre- 
cipitating powers for residue are separable, so, also, the bacterial 
extracts representing the antigens for these reactions are separable, 
the residue material being particularly concerned the specific 
precipitations with immune serum, the called nucleoprotein being 
associated with allergic reactions the tuberculous animals. 


DISCUSSION. 


The tuberculin reaction thus depends something associated 
with the inflammatory reactions taking place about the lodgment 
living dead tubercle bacilli. That this, while mainly local, not 
purely local, follows from the fact that animals are allergic over the 
entire skin, while the tuberculous foci may limited lymph 
node organ. Two possible mechanisms may considered 
explain this. the one hand, can assume that definite tissue 
reaction necessary liberate from the bacteria the materials which 
then are absorbed for general active sensitization the body 
whole. the other hand, may possible that the reacting 
antisubstance produced locally the course the tissue reaction 
and passes out from this, passively sensitizing the rest the body. 
That this latter process probably important part the phenom- 
enon indicated the facts that tissue extracts the lesions 
well occasional sera will transmit hypersensitiveness. This 
appears not only from our own work, but from the earlier work 
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Bail and Lange. And that this certain something that passes out 
from the lesions not ordinary precipitating antibody, found 
the sera animals immunized with bacillary extracts and whole 
bacteria, apparent from our own work. 

Incidentally this work indicates fundamental difference between 
the results immunization with coagulable proteins like horse 
serum, egg albumin, etc., and those observed with bacteria. the 
former case, far know, the test-tube antibody reactions 
take place between the proteins and the circulating antibodies; and 
reactions protein hypersusceptibility the animal body take place 
between the whole proteins and the same antibodies now presumably 
sessile upon the cells. the case bacterial immunization, the 
other hand, injection the whole bacteria and the bacterial extracts, 
usually employed for this purpose, leads the formation anti- 
bodies which react test-tube precipitations with the non-protein 
bacterial residues, although these residue fractions are neither capable 
inducing antibody formation when injected themselves, nor, 
when sufficiently purified, are they capable inducing reactions 
the allergic animal. Just how these relations are altered when puri- 
fied nucleoprotein material from bacterial extracts used for immuni- 
zation remains for further study. Interesting this connection 
the recent publication Lancefield (16). 

Our own interest these observations considerably enhanced 
the belief that they may have inconsiderable bearing upon the 
processes bacterial immunity general. have pointed out 
above, and other papers, the tuberculin reaction all probability 
represents principle widely applicable all bacterial infections. 
Its analogy with the mallein, typhoidin, and abortin reactions in- 
disputably close, and our own work has indicated that similar allergy 
may develop whenever infection has lasted more than days, 
repeated the same individual frequent intervals. For the 
development such allergies, however, not sufficient that dis- 
solved soluble bacterial materials administered, but there seems 
required actual tissue reaction contact with the invading 
microorganisms. The mechanism which such reaction leads 
the development allergy yet obscure, but certainly not 
the ordinary antibody-antigen reaction. 
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consider these facts connection with the opinions many 
thoughtful students tuberculosis (Baldwin and Krause especially), 
opinions which are being corroborated work now going con- 
jointly both this laboratory and the Saranac Laboratory the 
hands Petroff, that the allergic state and increased resistance are 
parallel and perhaps causally related phenomena, the obvious inference 
arises that these substances upon which allergy depends may possess 
protective functions different from and based different mecha- 
nism from those possessed antibodies. 

Such conception, seems us, might aid understanding the 
difficulties encountered attempts producing curative sera 
the injection dead bacteria, and again emphasizes the fundamental 
differences between sera obtained this way and those obtained 
the treatment animals with living and virulent bacteria, 
convalescent sera—subjects which are very much the foreground 
bacteriological inyestigation the present time. 
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